
REMARKS 

In view of the above amendments and the following remarks, reconsideration and further 
examination are requested. 

The specification and abstract have been reviewed and revised to make a number of 
editorial revisions. Due to the number of changes involved, a substitute specification and abstract 
have been prepared and are submitted herewith. No new matter has been added. Enclosed is a 
marked-up copy of the original specification and abstract labeled " Version with Markings to 
Show Changes Made " indicating the changes incorporated into the substitute specification and 
abstract. 

Claim 3 has been rejected under 35 U.S. C. §112, second paragraph, as being indefinite. 
Specifically, the rejection indicates that the phrase "said outer vessel" lacks proper antecedent 
basis. As a result, claim 3 has been amended so as to properly recite the phrase "said outer wall." 
Therefore, withdrawal of this rejection is respectfully requested. 

Claims 1-10, 12 ,13, 19-21, 23 and 27 have been rejected under 35 U.S.C. §103(a) as 
being unpatentable over Endoh (US 6,234,787) in view of Henkelmann (US 5,643,544). Claim 
1 1 has been rejected under 35 U.S.C. §103(a) as being unpatentable over Endoh in view of 
Henkelmann and further in view of Pritchard (US 5,462,429). Claim 22 has been rejected under 
35 U.S.C. §103 (a) as being unpatentable over Endoh in view of Henkelmann and further in view 
ofPillard (US 3,885,919). 

Claim 1 has been amended so as to further define the present invention over the references 
relied upon by the rejections. Claim 10 has been amended so as to include the limitations of claim 
1 1 and claim 1 1 has been cancelled. Claims 12 and 13 have been amended so as to move one of 
the limitations from claim 13 into claim 12. Claim 23 has been cancelled. 

In addition, claims 1-10, 12, 13, 19-23 and 27 have been amended to make a number of 
editorial revisions. These revisions have been made to place the claims in better U.S. form. None 
of these amendments have been made to narrow the scope of protection of the claims, nor to 
address issues related to patentability and therefore, these amendments should not be construed as 
limiting the scope of equivalents of the claimed features offered by the Doctrine of Equivalents. 
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Enclosed is a marked -up copy of claims 1-10, 12, 13, 19-23 and 27 labeled " Version with 
Markings to Show Changes Made " indicating the changes incorporated therein. 

The above-mentioned rejections are respectfully traversed and submitted to be inapplicable 
to the amended claims for at least the following reasons. 

Claim 1 is patentable over the combination of Endoh and Henkelmann, since claim 1 
recites a waste gas treatment system having, in part, a combustion chamber having an inner wall 
made of a fiber-reinforced ceramic material comprising ceramic cloth coated with a binder- 
containing ceramic material. The combination of Endoh and Henkelmann fails to properly 
disclose a combustion chamber as recited in claim 1. 

Endoh discloses a combustion apparatus for removing harmful substances. The apparatus 
includes a combustion chamber 1 that has a cylindrical outer barrel 1 1 and a cylindrical inner 
barrel 12 made of porous material arranged concentrically. (See column 3, lines 7-23 and Figures 
1-4). However, as indicated in the rejection, Endoh fails to disclose or suggest that the cylindrical 
inner barrel 12 is made of a fiber-reinforced ceramic material comprising ceramic cloth coated 
with a binder-containing ceramic material. As a result, the rejection relies on Henkelmann as 
disclosing this feature. 

Henkelmann discloses an apparatus for rendering volatile organic compounds harmless. 
The apparatus has a ceramic insulation layer 174 located on the inside of a combustion chamber 
160 and a heat exchanger 120. ( See column 1 1, lines 10-16 and Figure 6). The rejection 
indicates that it would have been obvious to combine the ceramic insulation layer 174 disclosed in 
Henkelmann with the apparatus disclosed in Endoh because the ceramic insulation layer 174 
would render the apparatus substantially impervious to thermal shock. However, the Applicants 
respectfully disagree with this rationale for combining the two references. 

Endoh discloses that the cylindrical inner barrel 12 is made of a porous material. The 
reason that the cylindrical inner barrel 12 is made of a porous (gas-pervious) material is so that 
when pressure gas is introduced into the combustion chamber 1, the pressure gas can pass 
through the pores of the cylindrical barrel 12. By forming the cylindrical barrel 12 of the 
combustion chamber 1 using porous material and by introducing the pressure gas, the pressure 
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gas bursts onto the inner surface of the cylindrical inner barrel 12 through the pores, so that solid 
oxides and other powders occurring during combustion treatment of a raw gas are prevented by 
the bursting power of the gas from depositing on the inner surface of the cylindrical inner barrel 
12. By preventing the solid oxides and other powders from being deposited on the cylindrical 
inner barrel 12, the combustion apparatus of Endoh can operate in a stable fashion over a long 
period of time and can be reduced in size. (See column 3, line 49 - column 4, line 33). 

However, if the cylindrical inner barrel 12 is replaced by or coated with the ceramic 
insulation layer 174 of Henkelmann as suggested by the Examiner, the pressure gas will not be 
able to pass through the ceramic insulation layer 174 because the ceramic insulation layer 174 is 
not porous. As a result, the solid oxides and other powders that are prevented from becoming 
attached to the porous cylindrical inner barrel 12 will now attach to the ceramic insulation layer 
174, thereby eliminating the benefits offered by the combustion apparatus of Endoh. In this 
regard, the Federal Circuit has stated that if, in order to meet the limitations of a claim, a device in 
a prior art patent would have to be modified in a manner as to render it inoperable for its intended 
purpose, then in effect, that patent teaches away from the proposed modification. In re Gordon , 
221 USPQ 1 125, 1 127 (Fed. Cir. 1984). Therefore, it would not have been obvious to combine 
the ceramic insulation layer 174 of Henkelmann with the combustion apparatus of Endoh and the 
combination of these references fails to properly disclose or suggest the present invention as 
recited in claim 1. 

In other rejections, Prichard and Pillard are relied upon as disclosing a mechanical wiper 
and a waste gas treatment system where waste gas is fed into chambers that gradually increase, 
respectively. However, even if these references do teach these features, they still fail to disclose 
or suggest a combustion chamber as recited in claim 1. 

Therefore, the combination of Endoh and Henkelmann fails to disclose or suggest the 
present invention as recited in claim 1 . 

Claim 4 is also patentable over the combination of Endoh and Henkelmann, since claim 4 
recites a waste gas treatment system having, in part, cooling means for cooling an auxiliary 
burning gas inlet part and an auxiliary burning gas nozzle in a side wall of a cylindrical member of 
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a burner part in a vicinity of an opening in a bottom of the burner part, the auxiliary burning gas 
nozzle having an auxiliary burning gas introduced therein by the auxiliary burning gas inlet part. 
The combination of Endoh and Kenkelmann fails to disclose or suggest cooling means or an 
auxiliary burning gas nozzle as recited in claim 4. 

Endoh discloses a burner 2 located in a top of a combustion chamber 1, and an igniting 
pilot burner 3 and a gas introducing nozzle 4 located opposite to each other on upper sides of the 
combustion chamber 1 . The burner 2 includes a raw gas channel 2a, a lift gas channel 2b, a 
combustion gas channel 2c, and a secondary air channel 2d positioned concentrically around each 
other. Further, the combustion chamber 1 has an opening at a bottom thereof. (See column 3, 
line 1 - column 4, line 10 and Figures 1-4). However, it is apparent from the above disclosure 
that Endoh fails to disclose or even suggest cooling means as recited in claim 4. In addition, 
Endoh does not disclose or suggest an auxiliary burning gas nozzle in a side wall of a cylindrical 
member of a burner part in a vicinity of an opening in a bottom of the burner part, since the only 
burning gas is supplied by the pilot burner 3 in an upper side portion of the combustion chamber 1 
away from the opening in the combustion chamber 1 . 

Further, (1) Henkelmann; (2) Prichard; and (3) Pillard are relied upon as disclosing (1) a 
ceramic insulation layer; (2) a mechanical wiper; and (3) a waste gas treatment system where 
waste gas is fed into chambers that gradually increase, respectively. However, even if these 
references do teach these features, they still fail to disclose or suggest cooling means and an 
auxiliary burning gas nozzle as recited in claim 4. 

Therefore, the combination of Endoh and Henkelmann fails to disclose or suggest the 
present invention as recited in claim 4. 

Claim 10 is patentable over the combination of Endoh, Henkelmann, and Pritchard, since 
claim 10 recites a waste gas treatment system having, in part, a dust remover provided to remove 
dust from at least one of an inner wall of a burner part and an inner wall of a combustion chamber 
or to prevent adhesion of dust thereto, wherein the dust remover comprises a dust scraping plate 
secured to a distal end of a shaft adapted to move vertically in the at least one of said burner part 
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and the combustion chamber. The combination of Endoh, Henkelmann and Pritchard, relied upon 
to disclose a dust remover, as recited in claim 10 is improper. 

As indicated in the rejection, neither Endoh or Henkelmann discloses or suggests a dust 
remover. As a result, Pritchard is relied on as disclosing this feature. 

Pritchard discloses a combustion chamber 2 having a wiper rod 40 secured between two 
rods 36 and 38 to a rod 30 that passes through the center of the combustion chamber 2. When 
the rod 30 is rotated, the wiper rod 40 is also rotated and can remove combustion products from 
the inner wall of the combustion chamber 2. Pritchard also suggest that a vertical wiper rod 
similar to the wiper rod 40 can be implemented to clean the combustion chamber 2. ( See column 
6, lines 23-67 and the Figure). 

In combining Pritchard with Endoh, the rejection indicates that it would have been 
obvious to one of ordinary skill in the art to combine the wiper rod 40 with the combustion 
apparatus of Endoh because the wiper rod 40 allows for the removal of combustion products built 
up on the inner wall of the combustion chamber 1 of Endoh. However, the Applicants 
respectfully disagree with this assertion. 

As discussed above with respect to claim 1, Endoh discloses that the cylindrical inner 
barrel 12 is made of a porous material so that when pressure gas is introduced into the 
combustion chamber 1, the pressure gas can pass through the pores of the cylindrical barrel 12. 
By forming the cylindrical barrel 12 of the combustion chamber 1 using porous material and by 
introducing the pressure gas, the pressure gas bursts onto the inner surface of the cylindrical inner 
barrel 12 through the pores, so that solid oxides and other powders occurring during combustion 
treatment of a raw gas are prevented by the bursting power of the gas from depositing on the 
inner surface of the cylindrical inner barrel 12. ( See column 3, line 49 - column 4, line 33). Since 
the combination of the pressure gas and the porous cylindrical barrel 12 prevent any solid oxides 
or other powders from forming on the cylindrical inner barrel 12, it would not be obvious to one 
of ordinary skill in the art to add the wiper rod 40 to the combustion apparatus of Endoh because 
the purpose of the wiper rod 40 is to address a problem (the buildup of solid on the inside of a 
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combustion chamber) that does not occur with the combustion apparatus of Endoh. Therefore, 
this combination is not proper. 

Therefore, the combination of Endoh, Henkelmann and Pritchard fails to disclose or 
suggest the present invention as recited in claim 10. 

Claim 19 is patentable over the combination of Endoh and Henkelmann, since claim 19 
recites a waste gas treatment system including, in part, burner part having a cylindrical member 
having a side wall, being closed at a top thereof and having an opening at a bottom thereof, the 
cylindrical member also having a waste gas inlet in the top thereof and an air nozzle at a 
predetermined position on the side wall thereof, the cylindrical member further having an auxiliary 
burning gas nozzle in the side wall in a vicinity of the opening, the air nozzle being arranged to 
blow a swirling air flow downward against the combustion flames formed downward below the 
opening as a result of ignition of an auxiliary burning gas injected from the auxiliary burning gas 
nozzle. The combination of Endoh and Henkelmann fails to disclose or suggest a burner part 
having an air nozzle arranged to blow a swirling air flow downward against combustion flames as 
recited in claim 19. 

As discussed above with regard to claim 4, Endoh discloses a burner 2 located in a top of 
a combustion chamber 1, and an igniting pilot burner 3 and a gas introducing nozzle 4 located 
opposite to each other on upper sides of the combustion chamber 1. The burner 2 includes a raw 
gas channel 2a, a lift gas channel 2b, a combustion air channel 2c, and a secondary air channel 2d 
positioned concentrically around each other. Further, the combustion chamber 1 has an opening 
at a bottom thereof ( See column 3, line 1 - column 4, line 10 and Figures 1-4). Therefore, it is 
apparent from the above disclosure that the location of the combustion air channel 2c is located in 
the top of the combustion chamber 1 such that the combustion air channel 2c is only capable of 
blowing air straight down into the combustion chamber 1 and is not arranged to blow a swirling 
air flow as is recited in claim 19. 

In addition, Henkelmann is relied upon as disclosing a ceramic insulation layer. However, 
even if Henkelmann does teach this feature, Henkelmann still fails to disclose or suggest a burner 
part having an air nozzle as recited in claim 19. 
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Therefore, the combination of Endoh and Henkelmann fails to disclose or suggest the 
present invention as recited in claim 19. 

Claim 22 is patentable over the combination of Endoh, Henkelmann and Pillard, since 
claim 22 recites a waste gas treatment system having, in part, a burner part having a cylindrical 
member having a side wall, being closed at a top thereof and having an opening at a bottom 
thereof, the cylindrical member also having a waste gas inlet in the top thereof and an air nozzle at 
a predetermined position on the side wall thereof, the cylindrical member further having an 
auxiliary burning gas nozzle in the side wall in a vicinity of the opening, wherein at least one of an 
inner diameter of the waste gas inlet and an inner diameter of the cylindrical member gradually 
increases toward a combustion chamber. The combination of Endoh, Henkelmann and Pillard 
fails to disclose or suggest a burner part having an air nozzle at a predetermined position on the 
side wall thereof or at least one of an inner diameter of a waste gas inlet and an inner diameter of 
a cylindrical member gradually increasing toward a combustion chamber as recited in claim 22. 

As discussed above with regard to claim 4, Endoh discloses a burner 2 located in a top of 
a combustion chamber 1, and an igniting pilot burner 3 and a gas introducing nozzle 4 located 
opposite to each other on upper sides of the combustion chamber 1 . The burner 2 includes a raw 
gas channel 2a, a lift gas channel 2b, a combustion air channel 2c, and a secondary air channel 2d 
positioned concentrically around each other. Further, the combustion chamber 1 has an opening 
at a bottom thereof. ( See column 3, line 1 - column 4, line 10 and Figures 1-4). Therefore, it is 
apparent that Endoh discloses that the combustion air channel 2c is located on the top of the 
combustion chamber 1 and does not disclose that the combustion air channel 2c is located on a 
sidewall of the combustion chamber 1 . Further, neither Henkelmann or Pillard disclose an air 
nozzle as recited in claim 22. 

In addition, the rejection of claim 22 indicates that neither Endoh or Henkelmann discloses 
or suggests at least one of an inner diameter of a waste gas inlet and an inner diameter of a 
cylindrical member gradually increasing toward a combustion chamber. As a result, the rejection 
relies on Pillard as disclosing this feature. 
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Pillard discloses flare or chimney stacks including a plurality of combustion chambers 4 
each having a perforated ring 6 (gas burner) and a space 5 (air inlet). A waste gas to be treated is 
supplied to the plurality of burners 6, the number of which is selected based on the volume of gas 
to be treated and from the bottom burner towards the top burner. The diameters of each of the 
combustion chambers gradually increase the higher in the stack the combustion chamber is located 
because the highest combustion chamber receives the burnt gas from all of the lower combustion 
chambers and between each adjacent pair of combustion chambers one of the spaces 5 is provided 
to introduce air. ( See column 3, lines 45-68 and Figure 1). 

However, it is apparent that the combination of the cylinders 4 of Pillard with the 
combustion apparatus of Endoh still fails to disclose or suggest at least one of an inner diameter 
of a waste gas inlet and an inner diameter of a cylindrical member gradually increasing toward a 
combustion chamber. While Pillard discloses a number of combustion chambers 4 that have an 
increasing diameter, within each of the combustion chambers 4, the respective perforated ring 6 in 
which residual gases arrive and the respective inlet for combustion-supporting air have a constant 
diameter. Therefore, Pillard also fails to disclose or suggest this limitation of claim 22. 

Therefore, the combination of Endoh, Henkelmann and Pillard fails to disclose or suggest 
the present invention as recited in claim 22. 

Because of the above mentioned distinctions, it is believed clear that claims 1-10, 12, 13, 
19-23 and 27 are patentable over the references relied upon in the rejections. Furthermore, it is 
submitted that the distinctions are such that a person having ordinary skill in the art at the time of 
invention would not have been motivated to make any combination of the references of record in 
such a manner as to result in, or otherwise render obvious, the present invention as recited in 
claims 1-10, 12, 13, 19-23 and 27. Therefore, it is submitted that claims 1-10, 12, 13, 19-23 and 
27 are clearly allowable over the prior art of record. 

In view of the above amendments and remarks, it is submitted that the present application 
is now in condition for allowance. The Examiner is invited to contact the undersigned by 
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telephone if it is felt that there are issues remaining which must be resolved before allowance of 
the application. 



DMO/jmj/pth 

Washington, D.C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
May 23, 2003 



Respectfully submitted, 



Kohtaro KAWAMURA et al. 




David M. Ovedovitz 
Registration No. 45,336 
Attorney for Applicants 
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' " SPECIFICATION , ^^^^^ 

WASTE GAS TREATMENT SYSTEM 

IHNICAL FIELD RECEIVED 

The present invention relates to a waste gas ^ ^ g ^ 

treatment system for treating a waste gas likely to TECHNOLOGY CENTER R3700 
generate dust when it is treated by combustion. For 

re iaf es to a combustion type 
example, the present xnvention relates 

waste gas treatment system for combustion- treating 
h az*rdous and combustible waste gases containing silane gas 
(SiHj or a halogen-containing gas (HP,. C1F 3 . SF 6 . CHF 3 . C 2 F 6 , 
CF 4 , etc.) or hardly decomposable waste gases. 

BACKGROUND ART 

Waste gases that are likely to generate dust when 
treated by combustion include those which contain hazardous 
and combustible gases, e.g., silane (SiH 4 ) and disilane y 
(Si 2 H 6 ) discharged from semiconductor manufacturing systems 
or liquid crystal panel manufacturing systems . Further, 
waste gases containing scarcely decomposable, global 
warming gases (PFCs) are also likely to generate dust when 
treated by combustion. Such waste gases cannot be emitted ^ 
into the atmosphere as they are because they would have 
adverse effects upon the human body and change the global 
environment. Therefore, the common practice is to 
introduce such waste gases into a pretreatment system where 
the waste gas is made harmless by oxidation through 
combustion. For this treatment, a method is widely 
employed in which flames are formed in a furnace by using 
an auxiliary burning gas and the waste gas is burned in the 
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flames. 

in such a combustion type waste gas treatment system. 

(natural/ / 

the auxiliary burning gas uses hydrogen: city, gas. LPG or 
the like as a fuel gas, and oxygen or air is usually used 
5 as an oxidizing agent. The greater part of the running 

cost of the system is the cost for consumption of the fuel 
gas and the oxidizing agent. Accordingly, how much 
hazardous waste gas is decomposed at high efficiency with a 
minimum amount of auxiliary burning gas is a measure for 
10 evaluating the performance of this type of system. 

A general arrangement of a combustor used in a 
conventional waste gas treatment system of the above- 
described combustion type is shown in Figs. 27 and 28. The 
illustrated combustor has a burner part 101 and a 
15 combustion reaction part (combustion chamber) 102 for 

oxidatively decomposing waste gas under heating at a stage 
subsequent to the burner part 101. The burner part 101 has 
a waste gas nozzle 103 opened in the center of the ceiling 
of the combustion reaction part 102 to introduce a waste 
gas Gl to be treated into the combustion reaction part 102. 
The burner part 101 further has a plurality of auxiliary 
burning gas nozzles 104 opened in the outer periphery of 
the waste gas nozzle 103 to Introduce an auxiliary burning 
gas G2 into the combustion reaction part 102. A combustion 
gas outlet 105 is integrally connected to the lower end of 
the combustion reaction part 102. Thus.; the waste gas Gl 
is passed through the center of flames annularly formed by 
the auxiliary burning gas G2. blown off from the auxiliary 
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burning gas nozzles 104'. While passing through the center 
of . ; the flames, the waste gas Gl is mixed with the flames 
and thus burned. Combustion gas resulting from the burning 
of the waste gas Gl is discharged to the outside from the 
combustion gas outlet 105. 

In general, the combustion reaction part 102 is 
defined. and formed by an inner wall surface 106a of a 
cylindrical furnace body 106 made of a metal, e.g.; a 
stainless steel. According to need, a thermal insulator 
for heat insulation is installed on the outer peripheral 
surface of the furnace body 106. Alternatively, a water- 
cooling structure is employed. 

Meanwhile, the mainstream method of decomposition- 
treating gases containing f luorocarbons , which are 
15 considered to be causes of global warming, is heat 
decomposition in a high- temperature environment or 
decomposition in a plasma for the time being. To use these 
techniques, decomposition treatment of fluorocarbon- 
containing gases is carried out under application of an 
20 enormous amount of energy for heating and plasma generation 
in decomposition treatment equipment having a complicated 
control mechanism for controlling a heating device, e.g v a ./ 
heater, a plasma generator, a safety device,, etc. 

However , in the conventional example as shown in 
25 Figs. 27 and 28, the combustion reaction part 102 is formed 
by the metallic furnace body 106, and the furnace body 106 
is exposed to a high- temperature atmosphere of 1300°C or 
more when combustion flames are formed ( during operation ) . 
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Therefore, the furnace body 106 wear, out rapidly and 
cenhot withstand long-term operation. In particular, when 
a halogen-containing gas is decomposition-treated by this 
astern, the furnace body is etched or corroded under high 
temperature by a halogen gas (HC1. HP. etc., produced after 
the treatment reaction and hence wears out rapidly. 

When the furnace body 106 wears out; in a short period 
of time as stated above, it is necessary to replace the 

4-i„ tvi-ls causes the cost of 
furnace body 106 frequently. This caus 

o Further when the metallic furnace 
equipment to increase. Further. 

, ^ M ls a aanger that wear may develop in 
body wears out. there is a aany 

* ctmctures (the thermal insulator, the 
the surrounding structures i ui . 

--^ ^ Therefore, it is necessary to 
water-cooled vessel, etc.). Thereior 

inspect the furnace body for the degree of wear by 

._<-w This causes the availability 
disassembling it frequently. This cau 

• „„„f to be reduced markedly and gives 
for use of the equipment to be reuui. 

rise to an increase in the running cost. 

Further, because the inner wall surface of the 
metallic furnace body 106 is heated to a high temperature 
, by combustion flames in the combustion reaction part 102. 
the formation of thermal NOx is undesirably promoted by the 
catalytic effect of the metal. For example, this type of 
waste gas combustion equipment in semiconductor industry 
facilities is generally designed on the assumption that it 
5 will be installed in a clean room. Therefore, the 

equipment needs to be made compact in size. However, if a 
la rge amount of NOx is produced, it becomes necessary to 
[^ylaelseparatelyla special-purpose treatment mechanism 



: - 4 - 



for treating the NOx. Consequently, the equipment cannot 
be made compact in size. 

Further, in a combustor that forms combustion flames 
as stated above, flames are formed at the lower end of the 
burner part 101. resulting in a rise in temperature in the 
vicinity of the opening portion of the burner part 101. 
which is made of a stainless steel or the like. Therefore, 
there is a danger that the auxiliary burning gas G2 
supplied to the burner part 101 may ignite and explode. 

Further, when gases such as SiH 4 used in 
semiconductor device manufacturing processes, particularly 
CVD processes or the like, are made harmless by a heat 
decomposition type waste gas treatment system, dust, e.g.^ 
Si0 2 , is generated. Such dust flows, together with waste 
gas, and adheres to the inner wall surfaces of piping and 
so forth, causing the exhaust pressure loss to increase. 
As methods of preventing the adhesion of dust to the inner 
wall surfaces of piping and so. forth, the following methods 
have heretofore been available: a method wherein dust is 
blown off with a cleaning gas; a method wherein dust is 
scraped off with an intermittent manual scraper; and a 
method wherein a cleaning gas is always supplied through a 
porous inner wall to prevent adhesion of dust. 

With the blow-off method using a cleaning gas, a 
fixed nozzle is provided over the circumferential area of 
piping to blow off a cleaning gas constantly or 
intermittently to remove dust. This method involves the 
problem that if the position of the nozzle is away from 



where dust may adhere, the dust removal effect «eak«s . If 
a large amount of cleaning gas is supplied to maintain the 
dust removal effect, the cost of cleaning gas increases. 
In addition, because a large amount of gas flows, it is 
5 necessary to increase the diameter of piping in order to 

minimize the pressure loss. 

With the method using an intermittent manual scraper. 
WJ - a „ al «bu*(T or ac<.u**u.l« r e.<i y 

scraping is performed after ^dust has grown large. 

Therefore, the method requires a tank for storing large _ 

10 lumps of scraped dust. , 

With the prevention of adhesion of dust by constantly 
supplying a cleaning gas through a porous inner wall, it is 
necessary to supply a large amount of cleaning gas in order 
to maintain the flow velocity of cleaning gas through the 
15 inner wall throughout the piping so as to prevent adhesion 
of dust. Accordingly, it is necessary to increase the 
diameter of the piping in order to minimize the pressure 
loss due to the flow of a large amount of 

Further, the cost of cleaning gas ^increases , and^it 
20 is necessary to increase the size of equipment such as^duct 
for exhausting the gas discharged from the pretreatment 
system in a building to the outside of the building. 

The present invention was made in view of the above- 
described circumstances, and an object 6f the present 
25 invention is to provide a waste gas treatment system 

designed so that the wear of an inner wall constituting a 
combustion reaction part exposed to a high temperature is 
minimized to increase the working life, reduce the cost of 
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equipment and improve the work availability, and the 
formation of NOx can be suppressed. 

Another object of the present invention is to provide 
a waste gas treatment system designed to suppress a rise in 
temperature due to flames in the vicinity of the opening of 
a combustion burner so as to be free from the danger of 
explosion of an auxiliary burning gas or the like. 

A further object of the'present invention is to 
provide a waste gas treatment system capable of reliably 
removing dust from the inner wall surface of piping and 
requiring a minimum amount of cleaning gas when it is 

injected. / 
D ISCLOSUR E- OF INVENTION 

*" • The present invention provides a waste gas treatment 
system having a burner part and a combustion chamber 
provided at the downstream side of the burner part, wherein 
combustion flames are formed from the burner part toward 
the combustion chamber^ a waste gas is introduced into 
the combustion flames, thereby oxidatively decomposing the 
waste gas. In the waste gas treatment system, the 
combustion chamber is formed from an inner wall made of a 
fiber-reinforced ceramic material. Therefore, the wear of 
the inner wall due to heat and corrosion is minimized, and 
thermal stress cracking is also reduced. Consequently, the 
lifetime of the system increases, and the cost of equipment 
and the availability factor can be Improved. In addition, 
because the inner wall exhibits no catalytic effect, the 
formation of thermal NOx is suppressed, and it is possible 



to achieve environmental preservation and to simplify the 
treatment equipment; In addition, because the space 
between the inner wall and the outer vessel is maintained 
under a purge gas atmosphere of higher pressure than the 
pressure in the combustion chamber, it is possible to 
prevent hazardous gases in the combustion chamber from 
leaking to the outside. 

» 

In addition, there is provided a waste gas 
treatment system wherein a burner part hajs a cylindrical 
member which is closed at the top thereof and has an 
opening at the bottom thereof. The cylindrical member has 
a waste gas inlet in the top thereof and an air nozzle at a 
predetermined position on the side wall thereof. The 
cylindrical member further has an auxiliary burning gas 
nozzle in the side wall in the vicinity of the opening. A 
waste gas introduced from the waste gas inlet and air blown 
off from the air nozzle are mixed together, and an 
auxiliary burning gas blown off from the auxiliary burning 
gas nozzle is ignited to form combustion flames downward 
below the opening. In addition, a cooling means is 
provided to cool an auxiliary burning gas inlet part for 
introducing a fuel gas into the auxiliary burning gas 
nozzle. Accordingly, even when the auxiliary burning gas 
inlet part is heated by flames, the rise in temperature is 
suppressed below the ignition point of the auxiliary 
burning gas. Therefore, there is no danger that the 
auxiliary burning gas may explode. 

In addition, there is provided a waste gas treatment 
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t he inner wall of «~ =°*— « PreVSnt 9 

aa heslon of aust thereto, thereby allowing the waste gas 
„t system to be operatea for a long perio* 

In aaaitlon. there is P*oviaea a aust remover for 
remove d ust from the inner wall of piping through which a 
gas containing a iar g e amount of aust flows. The aust 
Lover inches a scraping mechanism placea in the piping 
Th e scraping mechanism has a roa-shapea scraping member 

v. <=+ m extend in the longitudinal 
secured to a main shaft to exteno. n 

• lna The dust remover further includes 
direction of the piping- The dusr 

. support mechanism for supports the main shaft of the 
scraping mechanism so that the scraping member moves » 
inner peripherai direction in contact with the inner 
surface of the piping or with a slight gap therebetween . 
ana a ariving mechanism for continuous!, or perioaically 
oscillating or rotatin g the scraping mechanism about the 
raai n shaft. Thus, a cxeaning gas is suppliea from the 
, outsiae of the Piping through the hollow portions of the 
mai n shaft ana the scraping memher ana blown off from the 
als tal ena of the scraping memher or from a multiplicity of 
holes or slits in the surface thereof. Consequently, it is 

„.„ the scraping member. In aaaitlon. it 
5 cannot be reachea by the scrapi a 

, 11C , attached to the scraping 
becomes possible to remove aust attached 

mechanism itself. 

. In addition, there is provided a waste gas 
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treatment system wherein a burner part has a cylindrical 
member which is closed at the top thereof and has an 
opening at the bottom thereof. The cylindrical member has 
a waste gas inlet in the top thereof and an air nozzle at a 
5 predetermined position on the side wall thereof. The 
cylindrical member further has an auxiliary burning gas 
nozzle in the side wall in the vicinity of the opening. 
The air nozzle is arranged to promote ignition of an 
auxiliary burning gas injected from the auxiliary burning 
10 gas nozzle and to blow a swirling air flow downward against 
combustion flames formed downward below the opening. 
Accordingly, it becomes unlikely that dust will adhere to 
the inner wall of the burner part. 

In addition, there is provided a waste gas 
15 treatment system wherein a burner part has a cylindrical 
member which is closed at the top thereof and has an 
opening at the bottom thereof. The cylindrical member has 
a waste gas inlet in the top thereof and an air nozzle at a 
predetermined position on the side wall thereof. The 
20 cylindrical member further has an auxiliary burning gas 
nozzle in the side wall in the vicinity of the opening. 
The inner diameters of the waste gas inlet and the 
cylindrical member gradually increase toward the combustion 
chamber. Consequently, there is no angular portion such as 
25 a right-angled portion in. the burner part, and it becomes 
: unlikely that dust will adhere to the inner wall of the 

nozzle part. j 

in addition, there is provided a waste gas treatment 



^ ~«or- nart a combustion uncu»^ * 

system having a burner part. ^ 

at the downstream side of the burner part, 
^cooling 5 ecUonP^ at the downstream side of 

com b US t i0 n — r. - — — - :;;; s ;;; n proviaea 

oh amber an, the combustion gas cobllng section are P 
integrally. The burner part is P-idea »"h a - J 
in let tor introducing a waste gas and an air no 2 ,le for 

n el t in 9 air to generate a skiing flow. The co.bust.on 

ooiL section is proviaea with a liauia spra^o. 
lor sprang a li^ for cooling the waste gas owing 

f rom the combustion chamber ana for 

contained in the waste gas. an exhaust pipe «o 

sle oM ana . drain pipe for araining the liquid 

the waste gas, <*» u " 

treatment system thus arranged, the waste gas can be 
decomposition-treated, and dust. HC1 and HP - 
g as introduced from the waste gas iniet can be efficiently 
Inured and absorbed in the H,uid sprayed from the spray 

nozzle. 

0 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig 1 is a diagram showing the arrangement of 
waste ga s combustor in the waste gas treatment system 
according to the present invention. 

Flg . 2 is a sectional view taKen alon g the line I-I 

" " "'pig'. 3 is a diagram showing a structural example of 
. burner part in the waste gas treatment system according to 
the present invention. 

. - ii - i 



Flg . 4 is a diagram a. seen in the direction of the 

arrow A in Fig. 3. 

Fig . 5 is a diagram showing a structural example of a 
b urner part in the waste gas treatment system according to 

the present invention. 

Fig. 6 is a diagram as seen In the direction of the 

arrow D in Fig. 5. ■ 

Fi g , is a diagram showing a structural example of 
b umer part in the waste gas treatment system according to 
the present invention. 

" m the direction of the 

Fig. 8 is a diagram as seen in the ax 

arrow E in Fig . 7 . 

Flg 9 is a diagram showing a structural example of 
bur ner part in the waste gas treatment system according to 

the present invention. 

Fig . 10 is a diagram as seen in the direction of 

arrow F in Fig. 9- 

Fig . 11 is a diagram showing a structural example 
a hurner part in the waste gas treatment system accordin. 

I to the present invention. 

Fig . 12 is a diagram showing the external appearance 

of a cooling jacket in Flg. 11- 

Fi g . 13 is a dia 9 ram showing a structural example of 
. dust remover in the waste gas treatment system according 

* to the present invention. 

r {? 14 <*^rvie^of a scraping plate in Fig. ». 
Fig^ IS 'is a diagram showing a Structural example of 
a d ust remover In the waste gas treatment system according 
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to the present invention. . 

Fig . 16 is a sectional view as seen in the direction 

of the arrow II-H in Fi 9- 15 * 

.„„i nn a structural example or 
Fig 17 is a diagram showing a siruo 

a aust r » TCr in the waste gas treatment system according 

to the present invention. 

Fig , „ is a sectional view as seen in the direction 

of the arrow III-IH in F1 9- 

,1 B . 19 is a diagram showing a structural example of 

t« the oresent invention, 
a dust remover in piping according to the pr 

Fig . 20 is a diagram showing a structural example of 

m the waste gas treatment system according 
a dust remover in the waste ya 

to the present invention. 

Fig . 2! is a diagram showing a structural example of 

xA^r, ir, the present invention. 
. a dust remover in piping according to the pr 

Fig . 22 is a diagram showing a structural example of 

4-n the present invention, 
a dust remover in piping according to the pr 

Flg . 23 is a diagram showing a structural example of 
a aus t remover in piping according to the present invention 

Fig . 24 is a digram showing a structural example of 
a hurner part in the waste gas treatment system according 

to the present invention. 

Fi g. 25 is a diagram as seen in the direction of the 

arrow L in Fig. 24. 

,1 B . 26 is a diagram showing a structural example of 

^ frpa tment system according 

a burner part in the waste gas treatment sy 

to the present invention. 

Fi g. 21 is a diagram showing a structural example of 
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a conventional waste 'gas treatment system. 

Fig. 28 is a sectional view as seen in the direction 
of the arrow IV-IV in Fig. 27. 
BEST MODE FOR CARRYING OUT THE INVENTION 

Figs. 1 and 2 are diagrams showing the arrangement of 
a waste gas combustor in the waste gas treatment system 
according to the present invention. Fig. 1 is a vertical 
sectional view, and Fig. 2 is a sectional view taken along 
the line l-I in Fig. 1. The waste gas combustor is formed 
in the shape of a cylindrical closed vessel as a whole. 
The waste gas combustor has a burner part 10 in an upper 
stage and a combustion chamber (combustion reaction part) 
30 in an intermediate stage. The waste gas combustor has a 
cooling part 51 and a discharge part 52 in a lower stage. 
As a cooling medium in the cooling part 51. for example, a 
liquid. e.g., water, or a gas. e.g. air. is used. 

The burner part 10 has a cylindrical member 11 
forming a flame stabilizing portion 18 opening toward the 
combustion chamber 30. The burner part 10 further has an 
outer cylinder 12 surrounding the cylindrical member 11 
with a predetermined space therebetween. Between the 
cylindrical member 11 and the outer cylinder 12. an air 
chamber 19 for holding air for combustion is formed, 
together with an auxiliary burning gas chamber 20 for 
> holding an auxiliary burning gas. e.g., a premixed gas of 
hydrogen and oxygen. The air chamber 19 and the auxiliary 
burning gas chamber 20 are communicated, with an air source 
and a gas source (not shown), respectively. As the 
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• : . ' ,as hydrogen, propane gas. city gas. etc. 

auxiliary burning gas . ny a 

iSUSed inlet pipes 14 are connected to the top of 

was te gas inlet P P wm s±ae o£ ^ 

the cylindrical member 11 cove 

rabilizlng portion 18 to introduce into th 
flame stabilizing P ^ oontai ning sllane 

stabilizing portion 18 a waste gas 
<«.> or the ll*e discharged.- example, from a 
semiconductor manufacturing system. 

«. cylindrical member 11 is P-ided with a 

15 for providing communication 
plurality of air nozzles 15, for 

«■ « the air chamber 19 and the flame stabxlizxng 
between the air ^ a as nozzles 

portion „ and a plurality of auxiliary 

I 6 for Elding —cation 18 . 

« chamber 20 and the flame stabxlxzxng p 
burning gas chamoer * 

2 the air nozzles 15 extend at a 
5 As shown in Fig. 2. the ai 

1ned angle to the tangential directxon to the 
redetermined angle ^ ^ ^ 

cylindrical member 11 to blow o 

, in the flame stabilizing portxon 18. 
swirling flows xn the flam ^ & 

similarly, the auxiliary burning gas nozzles 
Similarly the tan gential direction to the 

50 determine, angle _ ^ 

cylindrical member 11 to blow 
o as to form swirling flows in the flame stabilizxng 

S ° n ~ 15 and the auxiliary burning 

no tv>^ air nozzles 15 ana un<=> 
portion 18. The . ^ circumferential 

gas nozzles 16 are disposed equally 

25 direction of the cylindrical member 11 . 

,1 i«, formed around the 
A secondary air chamber 31 is form 

i-^iizinq portion 18 and the 
boundary between the flame stabilizing 

~ =o *n surround the openxng of tne 
combustion chamber 30. so as to surro 



flame stabilizing portion 18. The secondary air chamber 
communicates with an air source (not shown) for supplying 
secondary air. A partition plate 32 dividing the secondary 
air chamber 31 from the combustion chamber 30 is provided 
5 with secondary air nozzles 33 equally disposed in the 

circumferential direction to blow off secondary air into 
the combustion chamber 30 to oxidize waste gas. 

The combustion chamber 30 is a space for oxidatively 
decomposing waste gas at a stage subsequent to the burner 
10 part 10. The combustion chamber 30 is defined by a 
cylindrical inner wall 35 provided inside a hermetic 
cylindrical outer vessel 34 made of a metal or the like. 
The inner wall 35 is disposed to be contiguous with the 
flame stabilizing portion 18. The inner wall 35 is formed 
15 from a fiber- reinforced ceramic material as described later 
A thermal insulator 37 of a porous ceramic material is 
inserted into a space 36 between the inner wall 35 and the 
outer vessel 34. A purge air inlet pipe 40 is connected to 
the outer vessel 34 to introduce air for purging into the 

20 space 36. 

The fiber-reinforced ceramic material constituting 

the inner wall 35 is as follows. Fibers formed from a 

ceramic material are woven into a cloth. The cloth is 

coated with a binder-containing ceramic material. The 

25 coated cloth is formed into a cylindrical shape and 

solidified. Usually, a plurality of ceramic fiber layers 

are stacked on top of each other. By reinforcing the 

ceramic material with ceramic fibers in this way. the 

- 16 - 
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mechanical strength and the high-temperature strength can 
be improved. Thus, even when the inner wall 35 is expose* 
to a high temperature owing to combustion and sub 3 ected to 
thermal stress. cracking can he minimized. Further, it is 
also unlikely that the inner wall 35 will be etched or 
corroded by a corrosive gas such as a halogen gas generated 
as a result of combustion treatment. Accordingly, a long 
useful life can be obtained. Meanwhile, the thermal 
insulator 37 of a porous ceramic material may be such that 
fibers are made from a ceramic material and formed by a 
forming suction device so as to conform to the shape of the 
space 36 . 

Examples of ceramic materials usable for the thermal 
insulator 37 and the inner wall 35 include alumina having a 
purify of 80 to 99.7% and Si-based ceramic materials. To 
treat a waste gas containing fluorine, it is desirable to 
use alumina having high corrosion resistance to the 
fluorine-containing waste gas. If alumina continuous 
fibers are used as a fiber-reinforced ceramic material for 
the inner wall 35. the inner wall 35 is improved in heat 
resistance, wind velocity resistance and wear resistance 
and capable of withstanding large thermal shock and 

temperature gradient. 

The combustion chamber 30 is provided with a UV 
5 sensor 38 for detecting flames and a pilot burner 39 for 
ignition in the burner part 10. It should be noted that 
the UV sensor 38 and the pilot burner 39 may be Installed 
on the top (the top plate of the burner part 10) of the 

- 17 - 
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cylindrical member 11. as shown in Fig, 3. The uv sensor 
38 is disposed at a tilt with respect to the top of the 
cylindrical member 11 to detect formed flames from an 
oblique direction. The reason for this is that flames form 
swirling flows in the combustion chamber 30 and hence 
become short with respect to the radial direction. When 
silane (SiH.) or the lifce is treated, dust of SiO, adheres 
to the inner wall surface of the combustion chamber 30. and 
« becomes impossible for the UV sensor 38 to detect flames. 
However, installing the UV s,ensor 38 on the top plate of 
the burner part 10 as stated above maKes it possible to 
avoid the problem that the UV sensor 38 becomes unable to 
detect flames owing to the adhesion of dust. Further, to 
treat scarcely decomposable global warming gases (PFCs). a 
high temperature of 1300'C or more is needed, and hence the 
piping is corroded by heat. However, high-temperature 
corrosion can be avoided by installing the UV sensor 38 and 
the pilot burner 39 on the top plate of the burner part 10 

as stated above. 

A discharge part 52 is provided at the bottom of the 
combustion chamber 30 with a cooled cooling part 51 
interposed between the combustion chamber 30 and the 
discharge part 52. A plurality of nozzies 53 are provided 
on the lower edge of the cooling part 51 at equal spaces in 
> the circumferential direction. Water is injected from the 
nozzles 53 toward the center to form a curtain of water, 
thereby cooling the waste gas and "capturing particles 

*. tv.o etide wall of the discharge 

contained in the waste gas. The siae wan 

- 18 - 
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. ,„ et 54 for discharging 

part 52 is provided with an exhaust pipe 

* aas The bottom of the discharge part 52 

the treated waste gas. 

„ < n r,rvrr 55 for discharging water 
is provided with a drain port 55 tor 

injected from the nozzles 53. 

N ext. the operat.cn or the gas t M a«nt system- 

aK o* 9 - the ^-aesc^ embodiment 
ascribed. First, the auxiliary burning gas x. introduced 
I, L in the ^1^ burning gas chamber 2 0 an, bl^n 
o« ire the auxiliary burning gas nobles X6. which are 
P Li d ed in the mner perioral sur f ace o* the cynical 
member <mner cylinder) H. toward - «- 
portion 13 so as to produce swirling flows. When ignited 
by the pilot burner 3,. the auxiliary burning gas £ c* 
swirling f lan.es alon g the inner peripheral surface o* 
cylindrical member (inner cylinder) 11. 

Hereupon, the auxiliary burning gas forms swirling 
£1 «, and swirling .la.es have the mature that they can 
b urn stably over a wide ran g e of equivalence ratios, 
other words, because the flan.es swirl strongly, they^ 
, supply heat and radicals to' each other. Therefore, flam 
stabling properties are proved. Accordingly, even at 
such a —XI equivalence ratio that unbumed gas may he 

, in the conventional system, 

generated or quenching may occur in the 

th* auxiliary burning gas can hum stahly without 
)5 generating unburnt gas and without causing pulsating 
' combustion even in the vicinity of the equivalence ratio of 

■ ' ' 1 '" _ _ as G1 to be treated is blown 

Meanwhile, the waste gas Gi to o 
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off toward the flame stabilizing portion 18 fro, the waste 
gas inlet pipes 14. which open on the lower surface of the 
top of the cylindrical member 11. The waste gas Gl blown 
off mixes with the swirling flows of the auxiliary burning 
gas ana burns. At this time/because the auxiliary burning 
gas is blown off fro* all the auxiliary burning gas nozzles 
provided in the circumferential direction so as to swirl 
strongly in one direction downstreamW nozzles, all the 
auxiliary burning gas mixes satisfactorily with the 
Thus, the efficiency of combustion of the waste gas becomes 

very high. 

.. M the auxiliary burning gas is overheated in excess 
of the ignition temperature thereof, it may initiate 
combustion in the auxiliary burning gas chamber 20 when an 
oxidizing agent is contained in the auxiliary burning gas. 
Therefore, it is necessary to effect cooling so that the 
temperature will not exceed the ignition temperature of the 
auxiliary burning gas. Further, research carried out by 
the present inventors reveals that swirling flames heat the 
, eylindrical member 11 and the auxiliary burning gas in the 
auxiliary burning gas chamber 20. Accordingly, it is 
necessary in order to continue stable combustion to effect 
cooling so that the temperature will not exceed the heat 
resistance of the constituent material of the cylindrical 
• 8 member 11. The swirling air flows injected into the flame 
stabilizing portion 18 from the air nozzles 15 act to cool 
the auxiliary burning gas chamber 20. 

Furthermore, flames from the auxiliary burning gas 
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nozzles 16 are swiruny, — 

- s they mix witn 

nozzles 15 is also swirling. Therefore. 

nozzles id t the sw irling 

+ko air- flows further accelerate 
the flames, the air iav 

swirling fXa.es are formed. «- — «* "» ^ 

center of the swirl reduces. Conseo.uently . 
the center f , 0 Jthe forward ends 

olK uIat W9 flows that flow backward from 

» waste gas inlet pipes 14 and the 

of th e flan.es toward the waste g ^ ^ 

auxiliary burning gas nozzles 16 occur i 

In L circulating flow, ml* with the fla.es -m «- 

-, o 16 and the combustion gas. 
auxiliary burning gas nozzles^ and vely _ 

.hereby suppressing the formation of NOx. 

« is possible to perform low-XOx combustion even if . 

is used as an auxiliary burning gas and the 
premixed gas is used as reauce a. 
, eg uiValence ratio of the auxiliary burning 

Purther. because the fla.es fro. the auxiliary 

, ',..„ swirling strongly, when the 
burning gas nozzles 16 are swir 

, is used to treat a gas that generates dust 

the swirlin g flows of the flames 
hums, such as silane gas. the swi ^ ^ 

, c : nl which results from uw 
!0 prevent silica (SaO,). pes ^ 

silane gas. from adhering to the waste o . flcally 
Mtarv burning gas nozzles 16. More specifically 
or the auxiliary burning s 

when silane or the llKe burns, powdery ^sil ~ ,> 

25 of the waste gas inlet pipes - or the auxiliary burning 
las 16 it may reduce the amount of auxiliary 
gas nozzles 16. » alr ection. 
burning gas blown off or change the gas bio 
burning uns table. under 

causing the blowing off of the gas 



- 21 - 



10 



such circumstances/ the -blowing of f of the gas cannot be 
stabilized, and it becomes impossible to perform stable 
combustion. 

in this embodiment, because there are swirling flames 
from the auxiliary burning gas nozzles 16. the swirling 
flames cause fast flows to occur at the distal ends of the 
waste gas inlet pipes 14 and the auxiliary burning gas 
nozzles 16. The fast flows act to clean the distal end 
portions of the waste gas inlet pipes 14 and the auxiliary 
burning gas nozzles 16. thereby preventing the resulting 
powdery silica (SiOj from adhering to the distal end 
portions of the waste gas inlet pipes 14 ( and the auxiliary 
burning gas nozzles 16. This effect becomes even more 
remarkable in the presence of the swirling air flows from 
15 the air injection nozzles 15. 

Further, the above -described effect does not confine 
itself to the distal end portions of the waste gas inlet 
pipes 14 and the auxiliary burning gas nozzles 16. That is. 
because the flames swirl in the combustion chamber 30. fast 
flows also occur along the wall surface of the combustion 
chamber 30. The fast flows clean the wall surface of the 
combustion chamber 30 . thereby removing silica (S10 2 ) from 
the wall surface. Thus, silica (SiO z ) attached to the 
distal end portions of the waste gas inlet pipes 14,-a** the 
auxiliary burning gas nozzles 16 and the wall surface of 
the combustion chamber 30 is removed in%elf -cleaning / 
manner by the swirling flows. 

As an example, a premixed gas containing an oxidizing. 
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agent is used as an auxiliary burning gas to be supplied, 
and the mixture ratio of the oxidizing agent to the 
fuel gas in the premixed gas is made lower than the 
stoichiometric oxidizing agent mixture ratio to form an 
over-rich premixed gas that is over-rich in fuel. The 
premixed gas is injected to swirl from the auxiliary . 
burning gas nozzles 1 6 . thereby forming primary swirling 
reducing flames in the flame stabilizing portion 18. The 
reducing flames and the waste gas from the waste gas inlet 
pipes 14 are brought into contact with each other to 
reductively decompose the waste gas, particularly a waste 

gas containing PFCs . 

Next, oxygen is sufficiently given to the reducing 
flames in excess of the stoichiometric ' amount from the air 
injected from the air nozzles 15 and the secondary air 
nozzles 33 to create an excess oxygen condition, thereby 
forming secondary oxidizing flames. Oxidative decomposi- 
tion of the waste gas is effected by the oxidizing flames. 
The waste gas is exposed to flames in two stages, i.e., 
reducing flames and oxidizing flames. Thus, the length of 
time that the waste gas is in contact wl|th the flames is 
increased. Consequently, the high- temperature resident 
. time can be lengthened. A waste gas containing PFCs has 
the property that it can be decomposed if the atmosphere 
temperature is raised arid the high-temperature state is 
maintained for a long period of time. Thus, the waste gas 
is exposed to different flames in two stages, i.e., 
oxidizing and reducing flames, and the high-temperature 
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state create by the fla.es is maintained for an extended 
period of time. By doing so. waste gas. particularly a gas 
containing PFCs. can be decomposed completely. 

Because the auxiliary burning gas nozzles 16 face 
obliquely downward toward the downstream side of the flame 
stabilizing portion 18 to blow off the auxiliary burning 
gas so as to form swirling flows, flames blowing off from 
th. auxiliary burning gas nozzles 16 form spiral swirling 
fl ows toward the downstream side of the flame stabilizing 
portion 18. Accordingly, the length of swirl when the 
swirling flames flow inside the cylindrical member 11 is 
shorter than in a case where the auxiliary burning gas is 
blown off horizontally. Consequently, an area where the 
flames heat the Inner wall surface of the cylindrical 
member 11 narrows. Thus, heating of the inner peripheral 
wall of the cylindrical member 11 by the swirling flows and 
the rise In temperature are suppressed . 

Thus . it is possible to extend the heat life of the 
constituent material of the cylindrical member 11. In 
, addition, it is possible to reduce the amount of cooling 
: air supplied from the air nozzles 15 and hence possible to 
suppress the reduction In flame temperature due to cooling 
and to maintain the high-temperature state. Accordingly, 
it is possible to increase the efficiency of decomposition 
5 of a halogen-containing waste gas . partioularly a 

fluorocarbon-containing waste gas, Further, a plurality of 
auxiliary burning gas nozzles 16 may be provided so as to 
open in the tangential direction to the cylindrical member 
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U as seen from aboW arid open obliquely downward in a 
vertical plane. This arrangement also a!16ws *1— ~ 
f orm spiral swirling flows toward the downstream side of 
the flame stabilizing portion 18. 

although in this embodiment the secondary air nozzles 
33 are directed downward, they may be arranged to inject 
secondary air toward the center of the cylindrical member 
H It is also possible to provide the secondary air 
nozzles 33 so that air injected from the nozzles forms 
swirling flows in the combustion chamber. With this 
arrangement, it is possible to cool the combustion-treated 

treated gas to the outside of the 
gas, discharge the treated g« 

combustion chamber 30. and remove silica (SiO,, adhering to 
the wall surface of the combustion chamber 30. even more 
effectively. The way m which the nozzles are provided is 
the same as in the case of the above-described auxiliary 

burning gas nozzles 16. 

xt is also possible to provide an air injection 
nozzle in the top of the cylindrical member 11 so that air 
, is supplied into the flame stabilizing portion 13 from this 
air injection nozzle to increase the oxygen density 
according to need, thereby allowing combustibility to be 

improved. 

It is also possible to provide secondary combustion 
5 air holes in an extended peripheral wall of the flame 
stabilizing portion 18 downstream from the auxiliary 
burning gas nozzles 16 so as to form reducing flames for 
primary combustion and oxidizing flames for secondary 
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combustion by the air ir, the flame stabilising portion 18. 
thereby improving the decomposition rate of the waste gas 
G1 . especially a halogen -containing waste gas. particularly 
a fluorocarbon-containing waste gas. In this case, it is 
5 preferable for the air holes to inject air toward the flame 
stabilizing portion 18 so as to form swirling flows for the 
reasons stated above. The air holes may be arranged to 
inject air toward the center of the cylindrical member 11 
so that the air mixes turbulently with the waste gas after 
10 the primary combustion by the reducing flames. 

Although an example in which flames blow off downward 
is shown, the present invention may also be applied to an 
arrangement in which flames blow off horizontally. The 
auxiliary burning gas is not necessarily limited to a 
„ premlxed gas of hydrogen and oxygen but may be a fuel gas. 
e.g., hydrogen, either iPG. or a premixed gas prepared 
by mixing together city gas or LPG and oxygen, air or 
oxygen enrichment air. as a matter of course. 

An example of the process is as follows: 
20 Gas to be treated: CF, 

Reductive decomposition reaction, in reducing flames: 

CF.+H^CHmFn+HF-fF, . (m, n is from 0 to 4) 
Oxidative decomposition reaction: 
CHmFn+0,- > C0,+H ! 0 
25 in the combustion chamber 30. the ceramic material 

constituting the inner wall has excellent heat resistance 
and corrosion resistance. Therefore, wear due to heat and 
corrosion is minimized. In addition, because the ceramic 
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■ , , , ls reinforced with «*«.. «—l 

. ; ^ combustlon cham her 30 can 

" PrS :Tr a Z - «~ — ' beCaUSe ^ 

" .lie as occurs m the - • 

is no catalytic exx 

the .creation of thermal *Ox is suppressed « 

emperature in the —ion — 30 
E ven when a halogen-contalnlng 9 as is 

erosion and etching - the ^ -i ^ _ 

temperature W a halogen gas (HC1. 
the decomposition treatment . 

I» particular, when a fiber rein 

, ,,na as a raw material is used, the 
material having alumina as a r „ fllti6ns (600 

, conductivity under normal running conditions 
thermal conductivi ^ ^ 

5 to 1300-C, is of the order of 0.65 to 

ls several hundred times higher than the average 

cnductivity of stainless steels or ether 
Mh ich is of the order of 0.00!, <*/».»• -cord „ gly. 

, ». cracking is further reduced. Further, 
thermal stress cracking cera „ic 
20 hecause the thermal insulator 37 made of por 

♦ ial is disposed on the outer periphery of the inner 

^ reauce4 more than 

,,«n ^5 the amount of neai 

r h^lase of using the conventional inner wall made o a 
- stainless steel or other, similar metal, - same ^ is the 
25 case with the use of other ceramic materials, e.g. 

based ceramic material. 

alr lnlet pipe 40, air for purging is 
From the purge air inier piy 

between the outer vessel 34 
introduced into the space 36 between 
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and the inner walX Ss at a pressure slightly higher than 
the pressure in the combustion chamber 30. The air blows 
off into the combustion chamber 30 through the inner wall 
35 and also through minute gaps at the ends of the inner 
5 wail 35 and mixes with the combustion gas and the waste gas 
before being discharged to the outside from the discharge 
part 52. Thus. hazardous and corrosive gases in the 
combustion chamber 30 can be prevented from leaKing to the 
outside from the outer vessel 34. 
0 : Further, by forming the inner wall 35 of the 

combustion chamber 30 from a ceramic material as stated 
above, the occurrence of a catalytic action is prevented to 
accomplish low-NOx combustion. If the equivalence ratio of 
the auxiliary burning gas is reduced, even lower NOx 
15 combustion can be realized. 

The following Is a result of comparison between the 
amount of NOx generated in a combustor using an inner wall 
made of a ceramic material and that generated in a 
combustor using an inner wall made of a stainless steel. 
20 The two combustors were under the same conditions in terms 
of the type and so forth. 

Combustion temperature: 1300°C or more 
Gas to be treated: N 2 .gas 
Concentration of NOx in exhaust gas 
25 inner wall made of ceramic material: 

25 ppm 

inner wall made of stainless steel: 
several 100 to several 1000 ppm 
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Figs. 3 and 4 are diagrams showing another structural 
example of the burner part of the waste gas treatment 
system according to the present invention. Fig. 3 is a 
vertical sectional view, and Fig. 4 is a diagram as seen in 
the direction of the arrow A in Fig. 3. In the figures, 
portions denoted by the same reference symbols as those in 
Figs. 1 and 2 are the same or corresponding portions. The 
same shall apply to other' drawings . The burner part 10 in 
this example has a cooling jacket 21 provided at an outer 
peripheral portion of the cylindrical member 11 adjacent to 
the auxiliary burning gas chamber 20. The cooling jacket 
21 is supplied with a cooling medium. Supplying a cooling 
medium to the cooling jacket 21 allows the cooling jacket 
21 to cool the cylindrical member 11 heated by flames 
formed at the opening. As the cooling medium, any medium 
having a temperature difference may be used. That is . a 
liquid, e.g.^water. or a gas, e.g.) air. is used. 

Pilot burners 39 are provided on the top (the top 
plate of the burner part 10) of the cylindrical member 11 
at a predetermined angle of tilt. The reason for this is 
that an auxiliary burning gas (flames) injected from the 
auxiliary burning gas nozzles 16 becomes short with respect 
to the radial direction. Therefore, it is preferable to 
provide the pilot burners at; a predetermined angle of tilt. 

In the burner part 10 of the combustor shown in 
Fig. 1. the temperature in the cylindrical member 11 rises 
to 400°e. However, in the case of a water-cooled system, in 
. particular, the temperature in the burner part 10 is 
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reduced to 70°C. Accordingly, there is no danger that the 
auxiliary burning gas held in the auxiliary burning gas 
chamber 20 may ignite and explode. However, because the 
above-described secondary air nozzles are not provided, the 
lack of air is compensated for by increasing the amount of 
primary air from the air nozzles 15 or by increasing the 
amount o£ 0 2 to be premixed. It should be noted that in 
this example the air nozzles 15 are provided to face 
obliquely downward to form swirling air flows in an 
obliquely downward direction. However, the air nozzles 15 
may be provided horizontally, as shown in Fig. 1. so as to 
form swirling air flows horizontally, as a matter of course. 

By forming the burner part 10 in a cooling structure 
as stated above, the temperature of the cylindrical member 
11 is reduced, but the capacity of treating C 2 F 6 . which is a 
hardly decomposable gas. is reduced from 80% to 41% (the 
global warming coefficient of this gas is said to be 10.000 
times as large as. that of C0 2 ; it is demanded from the 
viewpoint of global warming control that C 2 F 6 be decomposed 
100%). This is considered due to the fact that the 
temperature of the burner part 10 is reduced, and this 
causes a reduction in the temperature of flames . The 
' following is a description of the arrangement of a burner 
part capable of effectively cooling a fuel gas inlet for 
introducing an auxiliary burning gas to the auxiliary 
burning gas nozzles 16. which may explode when heated to 

high temperature. 

Figs. 5 and 6 are diagrams showing another structural 
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example of the burner part of the waste gas treatment 
system according to the present invention. Fig. 5 is a 
vertical sectional view, and Fig. 6 is a diagram as seen in 
the direction of the arrow D in Fig. 5. This burner part 
5 10 has a cylindrical member 11. An air chamber 22 is 

provided around the outer periphery of an upper part of the 
cylindrical member 11. Further, a cooling jacket 24. an 
auxiliary burning gas chamber 23 and another cooling jacket 
24 are concentrically provided around the outer periphery 
10 of a lower part of the cylindrical member 11. The inner 
peripheral wall of the cylindrical member 11 is provided 
with air nozzles 15 communicating with the air chamber 22. 
The bottom of the auxiliary burning gas chamber 23 is 
provided with auxiliary burning gas nozzles 16 
15 communicating with the auxiliary burning gas chamber 23. 

The auxiliary burning gas from the auxiliary burning 
gas nozzles 16 is injected toward the center below the 
opening of the cylindrical member 11 or obliquely downward 
so as to form swirling flows as shown by the arrows B. The 
20 air injected from the air nozzles 15 forms swirling flows 
swirling within the cylindrical member 11 as shown by the 
arrows C. 

in the burner part 10 having the above-described 
arrangement, gas Gl to be treated, which is introduced into 
25 the cylindrical member 11. is mixed with the swirling air 
flows from the air nozzles 15 and further mixed with the 
auxiliary burning gas injected from the auxiliary burning 
gas nozzles 16 toward the lower side of the burner part 10. 
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flames" are formed to extend toward the lower 
Upon ignition, flames ar.e i 

4 „ ^ the cylindrical member 11- At tnis 
side of the opening of the cyimut 

03 is cooled from 

time, the auxiliary burning gas chamber 

b oth sides thereof by the coding JacKets 24. Accordingly, 
the temperature is held at a low Xevel. In addition . 
because flames are formed below the cylindrical member 1 . 
the reduction in temperature of the cylindrical member 
ao es not exert a significant influence upon the flames. 

Flgs 7 and 8 are diagrams showing another structural 
example of the burner part of the waste gas treatment 

to the present invention. Fig. 7 is a 
system according to tne pre 

* tm„ R is a diagram as seen in 
vertical sectional view, and Fig . 8 is 

f the arrow E . This burner part 10 differs 
the direction of the arrow 

. „ -cmo^ 5 and 6 in that 
from the burner part 10 shown in Figs. 

« it nre nrovided in a cooling 
auxiliary burning gas chambers 23 are pro 

JacKet 24 provided around the outer periphery of a 
cylindrical member IX. and the auxiliary burning gas 
: chambers 23 are surrounded with a cooling medium. In 
addition, the bottom of each auxiXiary burning gas chamber 
„ 23 is provided with auxiXiary burning gas nozzles 16 
communicating with the auxiliary burning gas chamber 23 

This burner part 10 is the same as the burner part 
shown in Pigs. 5 and 6 in that the auxiliary burning gas 
from the auxiliary burning gas nozzles 16 is injected 
>5 : toward the center below the opening of | the cylindrical 
member 11 or obliquely downward so as to form swirling 
fl o„s as shown by the arrows B. and that the air injected 
f rom the air nozzles 15 forms swirling flows swirling 
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within the cylindrical member 11 as shown by the arrows C. 

in the burner part 10 having the above-described 
arrangement, waste gas Gl to be treated, which is 
introduced into the cylindrical member 11, is mixed with 
the swirling air flows from the air nozzles and further 
mi xed with the auxiliary burning gas injected from the 
auxiliary burning gas nozzles 16 toward the lower side of 
the burner part 10. Upon ignition, flames are formed to 
extend toward the lower side of the opening of the 
cylindrical member 11. At this time, because the auxiliary 
burning gas chambers 23 are surrounded with the cooling 
medium in the cooling jacket 24. the auxiliary burning gas 
chambers 23 are cooled, and the temperature is held at a 
low level, in addition, because flames are formed below 
the cylindrical member 11. the reduction in temperature of 
the cylindrical member 11 does not exert a significant 
influence upon the flames as in the case of the burner part 
10 shown in Figs. 5 and 6. 

Figs. 9 and 10 are diagrams showing another 
structural example of the burner part of the waste gas 
treatment system according to the present invention. 
Fig. 9 is a vertical sectional view, and Fig. 10 is a 
diagram as seen in the direction of the arrow F. This 
burner part 10 differs from the burner part 10 shown in 
, Figs . 5 and 6 in that cylindrical auxiliary burning gas 
chambers 25 are disposed in a cooling jacket 24 formed 
around the outer periphery of a cylindrical member 11. 
Auxiliary burning gas nozzles 16 are provided at the distal 
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end of each cylindrical auxiliary burning gas chamber 25. 
The cylindrical auxiliary burning gas chambers 25 are 
disposed to extend through the cooling jacket 24 obliquely 
so that the auxiliary burning gas nozzles 16 are at the 
5 lower end of each auxiliary burning gas chamber 25. 

This burner part 10 is approximately the same as the 
burner part 10 shown in Figs. 5. and 6 in that the auxiliary 
burning gas from the auxiliary burning gas nozzles 16 is 
injected toward the center below the opening of the 
10 cylindrical member 11 or obliquely downward so as to form 
swirling flows as shown by the arrows B. and that the air 
injected from the air nozzles 15 forms swirling flows 
swirling within the cylindrical member 11 as shown by the 
arrows C. 

15 in the burner part having the above- described 

arrangement, waste gas Gl to be treated, which is 
introduced into the cylindrical member 11. is mixed with 
the swirling air flows from the air nozzles 15 and further 
mixed with the fuel gas Injected from the auxiliary burning 
20 gas nozzles 16 toward the lower side of the burner part 10. 
Upon ignition, flames are formed to extend toward the lower 
: side of the opening of the cylindrical member 11. At this 
time, because the auxiliary burning gas chambers 25 are 
surrounded with the cooling medium in the cooling jacket 24. 
25 the auxiliary burning gas chambers 25 are cooled, and the 
temperature is held at a low level. In addition, because 
flames are formed below the cylindrical member 11, the 
reduction in temperature of the cylindrical member 11 does 
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not exert a significant" influence upon the flame, as in the 
case of the burner part 10 shown in Figs. 5 and 6. 

Figs. 11 and 12 are diagrams showing another 
structural example of the burner part of the waste gas 
treatment system according to the present invention. 
Fig. 11 is a vertical sectional view, and Fig. 12 is a 

i .nnoaranne of a cooling jacket 
diagram showing the external appearance 

26 This burner part 10 differs from the burner part 10 
shown in Figs. 5 and 6 in that cooling Jackets 26 are 
provided on the outer periphery of a lower part of the 
cylindrical member 11. and a cylindrical auxiliary burning 
ga s chamber 27 is disposed in each cooling Jacket 26. 
Auxiliary burning gas nozzles 16 are provided at the distal 
end of the cylindrical auxiliary burning gas chamber 27 so 
as to extend obliquely toward the lower side of the opening 
of the cylindrical member 11 and at a predetermined angle 
to the tangential direction to the inner peripheral surface. 

The auxiliary burning gas from the auxiliary burning 
gas nozzles 16 is injected toward the center below the 
opening of the cylindrical member 11 or obliquely downward 
so as to form swirling flows as shown by the arrows B. The 
air injected from the air nozzles 15 swirls within the 
; cylindrical member 11. as shown by the arrows c. as in the 
case of the burner part 10 shown in Figs. 5 and 6. 

in the burner part 10 having the above-described 
arrangement, the gas to be treated, which is introduced 

^ -ii -s c miv«»d with the swirling 
into the cylindrical member 11. xs mixed wixn 

, , - arid further mixed with 
air flows from the air nozzles 15 and furrne 
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the auxiliary burning gas injected from the auxiliary 
burning gas nozzles 16 toward the lower side of the burner 
part 10. upon ignition, flames are formed to extend toward 
the lower side of the opening of the cylindrical member 11. 
; At this time, because the auxiliary burning gas chambers 27 
are surrounded with the cooling medium in the cooling 
jackets 26. the auxiliary burning gas chambers 27 are 
cooled, and the temperature is held at a low level. In 
addition, because flames are formed below the cylindrical 
0 member 11. the reduction ^temperature of the cylindrical 
member 11 does not exert a significant influence upon the 
flames as in the case of the burner part 10 shown in 

Figs . 5 and 6 . 

There are gases that give rise to a problem when made 
L5 harmless by heat decomposition in a combustor. such as 
waste gases containing SiH 4 and so forth. That is. when 
such a waste gas is subjected to heat decomposition in a 
combustor to make it harmless . dust such as Si0 2 is 
generated and adheres to the inner wall of the cylindrical 
20 member 11 in the burner part 10 and the inner wall of the 
combustion chamber 30 and also to the inner wall of piping 
subsequent to the combustion chamber, causing the exhaust 
pressure loss to increase. Therefore, the waste gas 
combustor of the waste gas treatment system according to 
25 the present invention is provided with a dust remover for 
removing dust from the inner wall thereof . 

Fig. 13 is a diagram showing a structural example of 
a dust remover. As illustrated in the figure, the dust 
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remover has a scraping piate 56 secure to the distal end 
of a shaft 57 vertically moving between tne burner part 10 
and tne combustion chamber 30. By vertically moving the 
scraping plate 56. dust attached to the inner wall surfaces 
of the burner part 10 and the combustion chamber 30 rs 
scraped off. As shown in Figs. 14(A) and (B) . the scraping 
plate 56 is formed with circular holes 56a or sectorial 
holes 56b. which are larger than the opening of each waste 
gas inlet pipe 14. Thus, when the scoping plate 56 rs 
raised to the uppermost, withdrawn position (the solid-line 
position in Pig. 13) . the hol*s 56a correspond to the 

waste gas Inlet pipes 14 so that 
respective openings of tne waste g 

the scraping plate 56 will not Interfere with the flow of 
„ as te gas flowing into the burner part 10 (into the 
cylindrical member 11) from the waste gas inlet pipes 14. 
m addition, when the scraping plate 56 is raised to the 
„lthdra„n position, it will not interfere with the swirling 
flows of air and auxiliary burning gas blowing off from the 
air nozzles 15 and the auxiliary burning gas nozzles 16. 

A cooling receiver 44 is provided at the lower end of 
the combustion chamber 30 to cool the waste gas burned in 
the combustion chamber 30 and to receive dust scraped off 
with the scraping plate 56. A shut-off valve 45 is 
installed at the lower end of the cooling receiver 44. and 
5 a dust tan* 47 is secured to the lower end of the shut-off 
valve 45 through a clamp 46 . The cooling receiver 44 is 
provided with an exhaust pipe 54 and a drain port 52. 
Further, a 0 trap 58 is connected to the dust tank 47 
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■ ,™ VI and a drain pipe 59 is connected to the 
through a valve VI , anu 

U trap through a valve V2. 

In the dust recover having the above^described 
arra „gement. when it is detected that a predetermined 

„t of dust is attached to the inner wall surfaces of 
amount of ausx x=» shaft 
th e burner part iO and the coition chafer 30. the s 
57 is moved vertically by a manual or automatic operation 

«» cooling receiver 44 — - craping pla U • 0u 
is s tored in the cooling receiver 44 while water is he 

* „f dust stored reaches a predetermined 
When the amount of dust 

val ue the shut-off valve 45 is opened to put 
ra st tan, «. - shut-Off valve 45 is closed. 

, Z the valves VI and V 2 are opened to drain waste water 

t rap 53. The reason for providing the „ trap 5B rs that xf 
was te water is drained directly through the drain pipe 59. 
ha2a rdous gases are undesirably discharged simultaneously 
.„•■.. it should he noted that the dust scraping operation 

„ follows The amount of dust attached 
may be performed as follows. 

is detected with a detecting means (e.g., a pressure sensor 
f or detecting the pressure In the combustion chamber 30. a 
temperature sensor for detecting the wall surface 
25 temperature of the combustion chamber 30. or a 

monitoring the amount of dust attached to the inner wall 

~+ rt -F dust attached reaches a 
surface), and when the amount of dust at 

^v, ow*f t 57 is automatically moved 
predetermined value, the shaft 57 xs a 
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„=■ ««-the aust. The arrangement may 
vertically to scrape off the au 

also be such that a timer is provided, and when a 
predetermined period of operating time has elapsed, the 
shaft =7- is moved vertically to scrape off the dust. The 
scraping plate 56 and so forth are made of a corrosion- 
resistant and heat-resistant material. e. 3 ,a ceramic 
material. 

The arrangement may be such that, although 
illustration thereof is omitted, the dust tan* 47 is 
provided with a transparent , observation port for checKing 
«» amount of dust collected in the dust tan, 47 and a dust 
meeting sensor, e.g., a photoelectric se;nsor. for 
meeting that a predetermined amount of dust has been 
collected, together with a water supply Pipe for supplying 
5 water into the dust tan, 47. «hen a predetermined amount 
of dust has been collected in the dust tan, 47. the shut- 
o£ f valve 45 Is closed, and the valves VI and va are opened 
to supply water into the dust tan, 47 from the above- 
described water supply Pipe so as to wash away the dust. 
!0 thereby carrying away the dust from the dust tan, 47 

through the U trap 58. 

The arrangement may also be such that water and dust 
are cast into the dust tan, 47 from the cooling receiver 44 
by opening the shut-off valve 45 and the valves VI and V2 
2S without providing the drain port 52. and water is drainea 

through the U trap 58. 

Although in the structural example in Fig. 13 
the scraping plate 56 is moved vertically between the 
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. burner part 10 and the combustion chafer 30 . it may be 
arranged to Move vertically onXy in the burner part 10 as 
shown in Fig. IS. Further, the withdrawn position is not 
necessarily limited to the top ox the burner part 10. For 
example, the withdrawn position may be set at the bottom of 
the combustion chamber 30 by providing a driving mechanism 
f or vertically moving the shaft 57 at the lower side of the 
combustion chamber 30 or the cooling receiver 44. 

Fig. 15 is a diagram showing another structural 

illustrated in the figure, 
example of the dust remover. As illustr 

the dust remover has a scraper Installed in the burner part 
10 . The scraper has a scraping plate 56 provided at the 
aistal end of a shaft 57 as shown in Fig. 13. By 

, h ,(t 57 dust attached to the inner 
vertically moving the shaft 5/, ou 

5 wall is scraped off. A ring-shaped air chamber 41 is 

provided on top of the combustion chamber 30. As shown in 
Fig. 16. the bottom of the air chamber 41 is provided with 
a multiplicity of air injection nozzles 42. Air is bio™ 
= off from the air injection nozzles 42 downward^ or 
,0 obliquely downward along the wall surface of the combustion 
chamber 30. thereby blowing off dust from the inner wall 
surface of the combustion chamber 30. In addition, a layer 
of air stream flowing downward from the upper side is 
formed to prevent adhesion of dust to the inner wall 
25 surface by the layer of air stream. 

At the lower end of the combustion chamber 30. a 
cooling receiver 44 and so forth are provided as in the 
case of Fig. 13. although illustration thereof is omitted. 
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Xt should be noted. that the vertical — nt of the shaft 
5 , is effected by a manual or automatic operation or every 
tlm e a predetermine* period of operating tine measure, 
a timer has elapsed a S in the case of the dust remover 

shown in Fig. 13. 

in the aoove-aescr^ea example, dust attached to the 

.. m 1= scraDed off with the 
inner wall of the burner part 10 is scrape 

* „ .haft 57 and air is blown 

scraping plate 56 secured to the shaft 

along the inner wall surface of the combustion chamber 
to bxow off the attached dust, or a layer of air stream is 
formed to prevent adhesion of dust. It shouXd be noted 
however, that a layer of air stream may be formed over the 
inner waXl surfaces of both the burner part 10 and the 
combustion chamber 30 to prevent adhesion of dust. 

!f air is intermittently blown off from the air 
injection nobles 42. dust attached to the inner wall 
surface can be removed with a minimal, amount of air blown. 

Figs. X7 and 18 are diagrams showing another 
structural example of the dust remover. Fig. 17 is a 
0 vertical sectional view of a combustion chamber, and 

Fig 18 is a sectional view as seen in the direction of the 
: ■ arrow III-III in Fig. 17. The inner wall 35 is formed from 
. porous material (e.g./a granular filter, f porous 
ceramics, or a heat-resistant plate material bored with a 
25 multiplicity of small holes,. In addition, a plurality of 
independent annular air chambers 36 • are provided between 
the inner wall 35 made of the porous material and the outer 
vessel 34. E,ch air chamber is connected to an air source 
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, be supplied with compressed air from the air 
so as t o be suppl . ^ ^ toiQwn oombustion 

source, whereby axr is ^ ^ ^ ^ 

through tlie poret> v*. ^ 
chamber 30 thro wall Qr V 

blown ^i„ this way removes dus * ^ ^ 

s uniformly prevents adhesion o » '° ^ 

in the dust remover having the abo ^ 
ent air may he continuous* blown.** -cm the 
arran Tthl ilr wall 33 durin 3 the operation of the 
"To las treatment system. However, depending upon the 
Z the arrangement ™ay he such that when it is 
.0 situation. 'ribed detecting means that a 

— "" h ~ tr/dull attached to the inner wall. 
preae termmed amount of dust ^ ^ ^ 

air is — ^—rrild Period of time has / 
blown -off- every time a preae 

15 """I 1, is a verticai sectional view showing a 

, a dust remover for removing dust from 

, • fi1 t-tvrouqh which a aust 
20 mechanism installed * ^ « - J _ 

a main shaft 62 and tw longi tudinal 

0 v,«-et 62 to extend in the longx 
secured to the main shaft 

v. AO The dust remover has a 
direction of the main shaft 62. The d 

. 64 for supporting the main shaft 62 

?s support seal mechanism 64 for supp 

T he scraping mechanism so that the scraping « 
contact the inner surface of the Piping « or « - 
slight gap therebetween. Xn addition, the support 
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mechanism has a baling «- 
further has a driving m echanlsm " «« continuously or 
periodically oscillating (rotational reciprocating .oUo- 
through a predetermined angle, or rotating the scraping 

mechanism about the main shaft 62. 

... c-> and the serapinci members 63 are 
The main shaft 62 ana 

: h ollo„ Pipes, respectively, and the hollow °* 

th ese Pipes — cate — other. A 9 as = 

supplied through a 3 olnt 66. e. g ,a rotary ,oint. is passe 

th rou g h the hollow portion of the main shaft 62 an* the 

ho llow portions of the scrapin. members 63 and blown into 

members 63. A dust receiver *7 is provided at the lower 

— „ inlection nozzle 69 is 

end of the pipinc, 61. and a water M 

provided oh the inner wall surface of the dust receiver 67 
to in 3 ect water. A arain pipe 70 is provided in the bottom 

of the dust receiver 67. 

m the dust remover having the above-described 
a rran g ement. g as 03 contains dust, which flows into the 
0 pipln g 6X. IS' discharged through an exhaust pipe 63 and 
dust adheres to the inside of the piping 6X. »hen the 
: scraping mechanism is continuously or) periodically 
oscillated or rotated about the main shaft 62 by the 

> e the dust attached to the inner wall 
driving mechanism 65. the ausx 

, 61 is scraped off with the scraping members 

>5 of the piping 61 is scrape 

« (■-, *t this time, a 
63 and drops into the dust receiver 67. 

cleaning gas G4. e.g., air. is continuously or 

intermittently injected from the distal ends of the 
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shaping .nepers «,. ' ^s'. It is possible to remove dust 
even in an area that cannot be reached by the craping 

members 63 . 

Dust removed by this method drops into the dust 
receiver 67 in the state of being fine particles. 
Therefore, injection of water into the dust receiver 67 
f rom the water injection no^le 6, allows the dust to be 
aischarged to the outside fro. the drain pipe 70 without 
causing clogging. When the waste gas 01 is a corrosive gas. 
the cleaning gas G4 is mixed with ammonia gas. whereby the 
inner surface of the piping 61 is neutralized- and thus the 
progress of corrosion can be prevented. 

Fig. 20 is a diagram showing a structural example of 
the dust remover arranged as shown in Fig. 19 in a case 
where it is provided in a waste gas combustor of a waste 
gas treatment system. As illustrated in the figure, the 
d ust remover Includes a scraping mechanism provided in a 
combustion chamber 30 into which waste gas Gl from 
semiconductor manufacturing equipment flows. The scraping 
, mechanism has a main shaft 72 and two rod-shaped scraping 
members 73 secured to the main shaft 72 to extend in the 
longitudinal direction of the. main shaft 72. A support 
seal mechanism 74 supports the main shaft 72 of the 
scraping mechanism so that the scraping members 73 move in 
5 the inner peripheral direction in contact with the inner 
surface of the combustion chamber 30 or with a slight gap 
therebetween. The support seal mechanism 74 further has a 
sealing function. The dust remover further includes a 



, ,5 for continuously or perxouxoax.* 
driving mechanism 75 for c 

rotating the scraping mechanism 
oscillating or rotating , 

main shaft 72. ioint 76. e.g.. a '■/ 

X cleaning gas G* supplied through a Joint , 
\ -„t is passed through the hollow portion or the 
rotary joint, xs pas scraping 
main shaft „ ana the holiow portions of the P 
v. 73 and injected from the upper enas of 

oonsti tuting the combustion 

— " , re P-idea in an upper part of 

chamber 30. Burners Si ar P ^ ^ 

- -er wall surface of the ^ ^ 

constitutes a burner part ^ ^ Rn 

prOTid ea at the lower ^of^ ^ ^ ^ ^ ^ 

exhaust port 7 8 xs P wall 

it The upper surrace u*. 
oooli ng recede r - _ „ lnjection 

5 " Tes°;; ol n ecting water. Xn addition, a drain port 
nozzles 79 ror j cooling 
-a.fi in a lower end portion of the cool 

20 re °Tas 7 tI'gas 0! fro. semiconductor manufacturing 

the lilce is heatea with flames formea hy the 
equipment or the liKe harroless 

« 81 as a result, the waste gas Gl 
burners 81. « " „„„,-alnlng aust at 

ana becomes a high- temperature waste gas n . 

- rraerrrsltanoes are meltea upon c t _ 
th e flames 82 directly. Because the, 

t emperature of the combustion chamber 30 immediately . 



• * 

' ' * ' burners 81 is lower than 2000°C. dust is 

downstream the burners ox 

likely to adhere to the inner wall surface of the 
coition chamber 30. This may cause-blockage . The same 
is the case with the vicinities of the burners 81. 
5 By rotating or oscillating the scraping mechanism 

about the main shaft 72 by the driving mechanism 75 under 
the above-described environmental conditions, dust attached 
to the inner wall surface of the combustion chamber 30 can 
be scraped off directly with the scraping members 73. Thus. 
10 blockage due to adhesion of ,dust can be prevented. Even xn 
a „ area where the scraping members 73 cannot be inserted 
because the flames 82 would touch them, dust attached to 
the inner wall surface can be removed with the cleaning gas 
04 supplied through the Joint 76. e.g., a rotary Joint, and 
15 blown off from the upper ends of the scraping members. 

The waste gas Gl heated and burned with the flames 82 
flows into the cooling receiver 77. in which it is cooled 
with water injected from the water injection nozzles 79 and 
then discharged from the exhaust port 78. In addition. 
20 water containing dust scraped off is discharged from the 

drain port 80. 

Fig. 21 is a diagram showing another structural 
example of the main shaft 72 and the scraping members 73 of 
the above-described scraping mechanism. In this scraping 
25 mechanism, as illustrated in the figure, a multiplicity of 
small holes 73a are provided in the outer peripheral 
surface of each scraping member 73 so .as to communicate 
with the inner hollow portion. When a| cleaning gas G4 is 
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supplied vl, the joint -76. eg, a rotary Joint, shown in 
Fig. 14. and through the hollow portions of the main shaft 
72 and the scraping members 73. the cleaning gas G4 is 
blown against the inner wall of the combustion chamber 30 
through the holes 73a. The cleaning gas G4 is also blown 
off from the upper ends of the scraping members 73. Thus, 
dust adhering to an area of>P d between each scraping 
member 73 and the inner wall surface of the combustion 
chamber 30 can also be removed by blow-off. 

Fig. 22 is a diagram showing another structural 
example of the scraping mechanism comprising the main shaft 
72 and the scraping members 73. In this scraping mechanism, 
as illustrated in the figure, a multiplicity of small holes 
73a and 72a are provided over the whole surface of each of 
the scraping members 73 and the main shaft 72 so as to 
communicate with the corresponding hollow portions. With 

this arrangement, dust can be removed by blow-off from the 
area of gap between each scraping member 73 and the inner 
wall surface of the combustion chamber 30 by introducing a 
cleaning gas G4 into the hollow portions of the main shaft 
72 and the scraping members 73. In addition, dust attached 
to the main shaft 72 and the scraping members 73 themselves 

can be removed by blow-off. 

Although in the embodiments shown in Figs. 21 and 22 
> a multiplicity of^la and 73a are provided in the surfaces 
of the main shaft 72 and the scraping members 73 so as to 
communicate with the hollow portions thereof, it should be 
noted that slits communicating with the hollow portions may 
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nfS the h oles 72a and vaa. 

be ^ . _ in Fig , „ ana 

■""""l; ; o 't h 'e scrapie -chanis* -pris^ 
16 is also applicable t ls 

w « 19 as a matter of course, 
shown in Fig- 19. scrap ing members 73 of the 

. Fur ther. the number of scraping ^ 
< m is not necessarily limited r 
scraping mechanism is no ^ provided 

w4 ,3 three scraping members 73 m y 
shown m Fig. 2 . ^ ^ of scraping 

on the main shaft 7 . ^ ^ ^ ^ 19-ft4so . 

, members 73 may exceed three^ ^ ^ 

t * re e or more scraping members may be pr 
1, 62 ,o the — ~ — ; _ „ tQ 

By increase the scraping per 

tM ee or more . the °* increasea . Thus . 

,rz:r" 

-•^i reciprocating motion throng 
— S r ° tatl0 t I, ln t he whole area can he scrape, 

Pre4e TrJ cilla t ln 3 an 9 le « the ~ra P in g — »~- 
,0 o« even if ^ members „ . 

It should be noted. that tne 

4 ^npd in the waste gas 
1n Fiqs 20 to 23 maybe installed xn 

25 shown in Fxgs. x t o remove dust from the 

treatment system shown in Fig. mbust ion 
wall- of the burner part 10 and the combustxon 
inner walls of tn arrangement is 

chamber 30. although illustration of 



0mi "t the dust removers — - — " F19S - 19 " 
23 . when the gas 01 or 03 flowing into «- ~ 
f lame stabilising part 10 an S the combustion chamber 3.0 
CO ntains not only dust but also a opponent that may 
corroae the inner walis of the piping .X. the «~ 
sta blli Z ing part 10 ana the —Ion chamber 30 by a 
cor rosive action or the I- a 9 as — g ^ 
neutralising the corrosive action is introduced -° - 

flowing in. an alkaline gas. e.g., 

• „o the oiping can be suppressed 
By doing so. the corrosion of the piping 

In an area covered with the cleaning gas G4 . 

Pigs. 24 and 25 are diagrams showing another 
struc tural example of the burner part of the waste gas 
treatment syste. according to the present invention. 
F l 9 . 24 is a vertical sectional view, and Pig. 25 is a 

x= ar rnw L in Fig. 24. 

aiagram as seen in the direction of the arrow 

I» the burner part 10. the height H of the flame 

«,» la is reduced and the spacing I between 
0 stabilizing portion .18 is rea 

the air nobles 15 and the auxiliary burning gas nobles 
ls also reduced in comparison to the burner part 10 shown 
ln rigs. 3 and 4. by way of example. In other words, the 
air outlets of the air nobles 15 are brought as close to 
25 ^ th e auxiliary burning gas outlets of the auxiliary burning 
gas nobles 16 as possible. In addition, the spacing a 
bet „een the center line of *ach air noz.le 15 and the 
ta ngent to the inner wall surface of the cylindrical member 
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His reduced so that air"blown off from the air nozzles 15 
comes as close to the tangent to the Inner wall surface of 
the cylindrical member 11 as possible. 

By reducing the height H of the flame stabilizing 
portion 18 and reducing the spacing I between the air 
nozzles 15 and the auxiliary burning gas nozzles 16 as 
stated above, the stagnation of flow in the valley between 
the air outlets and the auxiliary burning gas outlets is 
eliminated, and dust attached or going to adhere to the 
inner wall surface of the f}ame stabilizing portion 18 is 
blown off by the air flow, thereby preventing adhesion of 
aust to the inner wall surface as much as possible. . 

: Further, because the air blown from the swirling / 
nozzles 15 is close to the tangent to the inner wall 
surface of the cylindrical member 11. the stagnation of 
flow near the inner wall surface of the cylindrical member 
11 is prevented, and it becomes unlikely that dust will 
adhere to the inner wall surface. 

Furthermore, the air nozzles 15 are provided so that ^ 
, the flows of air blown o€€- from the air nozzles 15 are 
inclined toward the downstream side from the horizontal. 
When the angle 81 of inclination of the air nozzles 15 with 
respect to a horizontal plane is set at about 30'. the dust 
adhesion preventing effect is significant in the vicinities 
5 of the auxiliary burning gas nozzles 16. Further, a 

multiplicity of air nozzles 15 are provided so that the 
: nozzle outlets are open equally in the circumferential 
direction of the inner wall surface of the cylindrical 
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„ eW the « i~ of air u-— x, after 

o£f ana at high flow _ inner wall 

effect, are aXXowed to extend over 

surface. _ lnjec tlon angle 82 of the air 

The horizontal air i er of 

, .«t to 82=360°/n. where n x« » 
nozzXes IS is set ^ clrcumfer ential direction. 

air nozzles IS *^ Regarding the nu m ber n 

which is an integer of 3 16 a „ a 24. favorable 

of air. nozzles, when it was 4. 8. . 
, results were obtained. ; stabilizing 

^ The ratio of the height H of the 

v /u/tO is set ar 

15 ro " /8 °r g xTreen the lower air nozzle 15 and the upper 
The spacing I betw , et a t X6 mm. 

15 auxiliary burning gas nozzXe 1 ^ ^ ^ ^ 

whereas it has heretofore been ^ R 

constant regardless of — ^ ^ ^ alr _xe XS 

. -j between the center line o 

*" SPa " n9 "to the inner wail surface, which is 
and the tangent ^ ^ 5 „ herea s 

20 parallel to the center line, 

- - -rr. - -z ::r 

«->€ the waste gas 
_ _ f th e burner part ot rn« 
str ucturaX example of the inventi on. In 

«eat m ent system according to P ^ 

in as illustrated in the rx 9 
25 this burner part X0. ^ ^ ^ 

inner diameter of the opening o 

plpe 14 graduaXly increases downward^. 

Ileter of the cylindrical m e»ber XX also gradually 

_ ^1 - 
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^creases downward^. Thus, there is no angular portion ✓ 
sue, as a right-angied portion at the openings 14a of the 
waste gas inlet pipes 14 and inside the cylindrical member 
ix in addition, an inverted f rust 0 -co4lcal projection 11a 
may be provided between the openings 14a of the waste gas 

inlet pipes 14. 

in general, dust in the burner part 10 is lively to 
adhere to angular portions and portions where air or waste 
gas stagnates. In this example, there is no angular 
portion such as a right-angled portion at the openings 14a 
of the waste gas inlet pipes 14 and inside the cylindrical 
member 11 as stated above. In addition, there is no area 
where waste gas may stagnate between the' waste gas inlet 
pipes 14. Therefore, it becomes unlikely that dust will 
adhere to the inner wall surface. 
INDUSTRIAL APPLICABILITY 

As has been stated above, according to the invention 

formed from an inner wall made of a fiber-reinforced 
ceramic material. . Accordingly, the wear of the inner wall 
due to heat and corrosion Is minimized, and thermal stress 
cracking is also reduced. Consequently, the lifetime of 
the system Increases, and the cost of equipment and the 
availability factor can be improved. In addition, because 
5 the inner wall exhibits no catalytic effect, the formation 
of thermal NOx is suppressed, and it is possible to achieve 
environmental preservation and to simplify the treatment 
equipment. Accordingly, it is possible to provide a 
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compact and low-cost waste gas treatment system as a whole. ^ 

in addition, according to the invention -as-se-t forth- . 
in^clain^. the space between the inner wall and the outer 
vessel is maintained under a purge gas atmosphere of higher, 
pressure than the pressure in the combustion chamber. 
Therefore, hazardous gases in the combustion chamber can be 
prevented from leaking to the outside. _ 

in addition, according to the invention «r - ^ LI. 
^-n-^aims^-t-cr^ . a cooling means is provided to cool an 
auxiliary burning gas inlet, part for introducing an 
auxiliary burning gas into the auxiliary burning gas nozzle 
in the. burner part. Accordingly, even when the auxiliary 
burning gas inlet part is heated by flames, the rise in 
: temperature is suppressed below the ignition point of the 
auxiliary burning gas. Therefore, there is no danger that 
the auxiliary burning gas may explode. 

in addition, according to the invention ^a-s-sret £uxLh- 
^ A&i:B ^^. flames cannot come in direct contact with 
the cooling jacket. Therefore, the amount of heat of 
flames that is carried away by the cooling medium is 
reduced, and an increased amount of heat can be used for 
the waste gas treatment • , 

in addition, according to the invention as-s^-#o^*h- 
^^«±m^-rO-t-o_^ . a dust removing means is provided to 
i remove dust from the inner wall of the burner part and/or 
the inner wall of the combustion chamber or to prevent 
adhesion of dust thereto. Therefore, it is possible to 
operate the waste gas treatment system for a long period of 



time without blocking the 'burner part and/or the combustion 

chamber with dust. 

in addition, according to the invention as-se-t-f orth- 

ln-claim~-4. dust attached to the inside of piping is 
removed by continuous!, or periodically oscillating or 
rotating a scraping mechanism installed in the piping, 
consequently, the waste gas Is allowed to flow through the 
piping with a minimal pressure loss. 

in addition, according to the Invention-as-set-forth' 
_in-cJa.ims-l.5-to.-l.*. the scraping member and the main shaft 
are formed from hollow pipes, respectively, and a cleaning 
gas is supplied from the outside of the piping through the 
hollow portions of the main shaft and the scraping member 
and blown, off from the distal end of the scraping member or 
from a multiplicity of holes or slits in the surface 
thereof. Consequently, it is possible to remove dust from 
an area in the piping that cannot be reached by the 
scraping member. In addition, it becomes possible to 
remove dust attached to the scraping mechanism itself. In 
a case where a high-temperature gas flows through the 
piping, the durability of the system itself is Improved by 
the cooling effect of the cleaning gas. 

in addition, according to the invention as-^-foxth- 
in-cl-aim-l--). a neutralizing gas for neutralizing the gas 
5 flowing through the piping is used as a cleaning gas. 

Therefore, in a case where a high-temperature, corrosive 
gas flows through the piping, it Is possible to expect not 
only the cooling effect but also the piping corrosion 



preventing effect . 

: i„ addition . according to the invention j^*-***- 
j*^*-^-**/"- air nozzle I- arrayed to .low a 
swirling air flow downward against combustion f 1—. **— 
downward below the opening. Accordingly, it is possible to 
provide a waste gas treatment system in which dust is 
unlikely to adhere to the Inner wall of the nozzle part. 

in addition, according to the Invention .as-set>. £ orth- 
^l-a-im-^. «» inner diameter of the waste gas inlet and 
th e ihner diameter of the cylindrical member gradually 
increase toward the combustion chamber, Consequently. 
th ere is no angula* portion such as a right-angled portion 
in the burner part. Accordingly, it is possible to provide 
a waste gas treatment system in which dust is unliKely to 
adhere to the inner wall of the nozzle part. 

in addition, according to the invention a^e*-*^*, 
it is possible to provide a waste gas 
treatment system which is compact and capable of 
Efficiently treating waste gases containing hazardous and 
> combustible gases or scarcely decomposable gases. 
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ABSTRACT 

A waste gas treatment system having a burner part and ^ 
a coition Cancer previa at «~ downstream side of the 
burner part /.wherein combustion flames are formed from the 
burner part toward the combustion chamber, and a waste gas 
is introduced into the combustion flames, thereby 
oxidatives decomposing the waste gas , The combustion 
chamber is formed from an inner wall made of a 
reinforced ceramic material. Therefore, the wear of the 
inner wall due to heat and corrosion is minimised, and 
thermal stress craving is also reduced. Consequently, the 
iifetlme of the system increases, and the cost of equipment 
and the availability factor can be improved. In addition, 
because the Inner wall exhibits no catalytic effect, the 
formation of thermal NOx is suppressed, and it is possible 
tb achieve environmental preservation and to simplify the 
treatment equipment . 





imbustion flames are formed from said burner part toward said combustion chamber and a waste 



1 . (Amended) A waste gas treatment system [having] comprising: 
a burner part; and 

a combustion chamber provided at a downstream side of said burner part, wherein 



gas is introduced into [said] the combustion flames, thereby oxidatively decomposing [said] the 
waste gas, and wherein 

said combustion chamber [is formed from] has an inner wall made of a fiber-reinforced 
ceramic material comprising ceramic cloth coated with a binder-containing ceramic material 

2. (Amended) A waste gas treatment system according to claim 1, wherein said 
combustion chamber further comprises an outer wall and a thermal insulator made of a porous 
ceramic material [is placed] located between said inner wall and [an] said outer wall. 

3. (Amended) A waste gas treatment system according to claim 2, wherein said inner wall 
and said outer wall have a space therebetween, and said waste gas treatment system further 
comprises purge gas supply means [is provided] to maintain [a] the space [between and said inner 
wall and said outer vessel] under a purge gas atmosphere of higher pressure than a pressure in 
said combustion chamber. 

4. (Amended) A waste gas treatment system [having] comprising: 
a burner part; [and] 

a combustion chamber provided at a downstream side of said burner part, wherein 
combustion flames are formed from said burner part toward said combustion chamber, and a 
waste gas is introduced into [said] the combustion flames, thereby oxidatively decomposing [said] 
the waste gas A 

an auxiliary burning gas inlet part: and 

cooling means for cooling said auxiliary burning gas inlet part . 

wherein said burner part has a cylindrical member [which is] having a side wall, being 
closed at a top thereof and [has] having an opening at a bottom thereof, said cylindrical member 
also having a waste gas inlet in [the] said top thereof and an air nozzle at a predetermined position 
on [a] said side wall thereof, said cylindrical member further having an auxiliary burning gas 
nozzle in [the] said side wall in [the] a vicinity of [said] the opening, said auxiliary burning gas 
nozzle having an auxiliary burning gas introduced therein by said auxiliary burning gas inlet part, 
and 

wherein the waste gas introduced from said waste gas inlet and air blown [off] from said 
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air nozzle are mixed together, and [an] the auxiliary burning gas blown [off] from said auxiliary 
burning gas nozzle is ignited to form combustion flames downward below [said] the opening[, and 

wherein said cooling means is provided to cool an auxiliary burning gas inlet part for 
introducing a fuel gas into said auxiliary burning gas nozzle]. 

5. (Amended) A waste gas treatment system according to claim 4, wherein said auxiliary 
burning gas inlet part is an auxiliary burning gas chamber provided at an outer periphery of said 
cylindrical member, said auxiliary burning gas nozzle [being] is provided in an inner side portion 
of said auxiliary burning gas chamber so as to blow [off] the auxiliary burning gas toward a 
central portion of said combustion chamber, said waste gas treatment system further comprises a 
cooling jacket provided at a boundary between said auxiliary burning gas chamber and said 
combustion chamber, and said cooling means is arranged to cool said auxiliary burning gas 
chamber by supplying a cooling medium to [a] said cooling jacket [provided at a boundary 
between said auxiliary burning gas chamber and said combustion chamber]. 

6. (Amended) A waste gas treatment system according to claim 4, wherein said auxiliary 
burning gas inlet part is [a] an auxiliary burning gas chamber provided at an outer periphery of 
said cylindrical member, said auxiliary burning gas nozzle [being] is provided at a bottom of said 
auxiliary burning gas chamber so as to blow [off] the auxiliary burning gas toward a central 
portion of said combustion chamber, said waste gas treatment system further comprises a cooling 
jacket provided either adjacent to said auxiliary burning gas chamber or at an outer periphery of 
said auxiliary burning gas chamber, and said cooling means is arranged to cool said auxiliary 
burning gas chamber by supplying a cooling medium to [a] said cooling jacket [provided 
adjacently to said auxiliary burning gas chamber or provided on an outer periphery of said 
auxiliary burning gas chamber]. 

7. (Amended) A waste gas treatment system according to claim 4, wherein said auxiliary 
burning gas inlet part is an auxiliary burning gas inlet pipe having said auxiliary burning gas nozzle 
provided at a distal end thereof, said waste gas treatment system further comprises a cooling 
jacket provided at an outer periphery portion at a lower end of said cylindrical member, said 
auxiliary burning gas inlet pipe [being disposed to extend] extends through [a] said cooling jacket[ 
provided at an outer peripheral portion at a lower end of said cylindrical member] so that the 
auxiliary burning gas blows [off] from said auxiliary burning gas nozzle toward a central portion 
of said combustion chamber, and said cooling means is arranged to cool said auxiliary burning gas 
inlet pipe by supplying a cooling medium [into] to said cooling jacket. 
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8. (Amended) A waste gas treatment system according to claim 4, wherein said auxiliary 
burning gas inlet part is an auxiliary burning gas inlet pipe having said auxiliary burning gas nozzle 
provided at a distal end thereof, said auxiliary burning gas inlet pipe being installed at an outer 
peripheral portion at a lower end of said cylindrical member so that the auxiliary burning gas 
blows [off] from said auxiliary burning gas nozzle toward a central portion of said combustion 
chamber, said waste gas treatment system further comprises a cooling jacket provided at an outer 
periphery of said auxiliary burning gas inlet pipe, and said cooling means [is disposed to extend] 
extends through [a] said cooling jacket [provided at an outer periphery of said auxiliary burning 
gas inlet pipe] so as to cool said auxiliary burning gas inlet pipe by supplying a cooling medium 
[into] to said cooling jacket. 

9. (Twice Amended) A waste gas treatment system according to claim 4, wherein [said] 
the cooling medium is one of water, air, other liquids and other gases. 

10. (Amended) A waste gas treatment system [having] comprising: 
a burner part; [and] 

a combustion chamber provided at a downstream side of said burner part, wherein 
combustion flames are formed from said burner part toward said combustion chamber, and a 
waste gas is introduced into [said] the combustion flames, thereby oxidatively decomposing [said] 
the waste gas; [, wherein] and 

a dust [removing means] remover [is] provided to remove dust from at least one of an 
inner wall of said burner part [and/or] and an inner wall of said combustion chamber or to prevent 
adhesion of dust thereto^ 

wherein said dust remover comprises a dust scraping plate secured to a distal end of a 
shaft adapted to move vertically in said at least one of said burner part and said combustion 
chamber . 

12. (Amended) A waste gas treatment system according to claim 10, wherein said dust 
[removing means forms] remover further comprises an air injection nozzle operable to form a 
layer of air stream along at least one of an inner wall surface of said burner part [and/or] and an 
inner wall surface of said combustion chamber so that [said] the layer of air stream prevents dust 
from adhering to [the] said at least one of said inner wall surface of said burner part [and/or the] 
and said inner wall surface of said combustion chamber. 

13. (Amended) A method of operating the waste gas treatment system according to 
claim 12, [wherein said dust removing means has an air injection nozzle for] said method 
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comprising forming [a] the layer of air stream along [the] said at least one of said inner wall 
surface of said burner part [and/or the] and said inner wall surface of said combustion chamber 
with said air in jection nozzle , said forming of the layer of air stream [being formed by] comprising 
continuously or intermittently injecting air from said air injection nozzle. 

19. (Amended) A waste gas treatment system [having] comprising: 
a burner part; and 

a combustion chamber provided at a downstream side of said burner part, wherein 
combustion flames are formed from said burner part toward said combustion chamber, and a 
waste gas is introduced into [said] the combustion flames, thereby oxidatively decomposing [said] 
the waste gas, and wherein 

said burner part has a cylindrical member [which is] having a side wall, being closed at a 
top thereof and [has] having an opening at a bottom thereof, said cylindrical member also having a 
waste gas inlet in [the] said top thereof and an air nozzle at a predetermined position on [a] said 
side wall thereof, said cylindrical member further having an auxiliary burning gas nozzle in [the] 
said side wall in a vicinity of [said] the opening, said air nozzle being arranged to blow a swirling 
air flow downward against the combustion flames formed downward below [said] the opening as 
a result of [igniting] ignition of an auxiliary burning gas injected from said auxiliary burning gas 
nozzle. 

20. (Amended) A waste gas treatment system according to claim 19, wherein said air 
nozzle is provided [in such a manner] such that a center line of said air nozzle is close to a tangent 
to an inner wall surface of said cylindrical member that is parallel to [said] the center line so that 
air will not stagnate at [the] said inner wall surface. 

21. (Twice Amended) A waste gas treatment system according to claim 19, wherein said 
air nozzle and said auxiliary burning gas nozzle are provided close to each other so that dust 
present between said air nozzle and said auxiliary burning gas nozzle can be blown away with air 
blown [off] from said air nozzle. 

22. (Amended) A waste gas treatment system [having] comprising: 
a burner part; and 

a combustion chamber provided at a downstream side of said burner part, wherein 
combustion flames are formed from said burner part toward said combustion chamber, and a 
waste gas is introduced into [said] the combustion flames, thereby oxidatively decomposing [said] 
the waste gas, and wherein 
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said burner part has a cylindrical member [which is] having a side wall being closed at a 
top thereof and [has] having an opening at a bottom thereof, said cylindrical member also having a 
waste gas inlet in [the] said top thereof and an air nozzle at a predetermined position on [a] said 
side wall thereof, said cylindrical member further having an auxiliary burning gas nozzle in [the] 
said side wall in a vicinity of [said] the opening, wherein at least one of an inner diameter of said 
waste gas inlet [and/or] and an inner diameter of said cylindrical member gradually increases 
toward said combustion chamber. 

27. (Amended) A waste gas treatment system according to claim 20, wherein said air 
nozzle and said auxiliary burning gas nozzle are provided close to each other so that dust present 
between said air nozzle and said auxiliary burning gas nozzle can be blown away with air blown 
[off] from said air nozzle. 
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